Vehicle handling study:  second interim report by Scott, Robert E.
VEHICLE HANDLING STUDY: 
SECOND INTERIM REPORT 
Robert E. Scott 
Charles F! Compton 
Lyle 0. Filkins 
DECEMBER 1977 

1. R.~uc No. 
UM-HSRI-77-44 
2. Accession He1.. 3. R.cir.nt's Catdoq Me. 
4. T i t k  a d  Subitlo 
Vehicle Handling Study: Second Interim Report 
7. --'.)Robert E .  Scot t ,  Charles P. Compton, 
Lyle D. F i lk ins  
9. PCrCDing O m -  llrr a d  U h s m  
Highway Safety Research I n s t i t u t e  
The University of Michigan 
Ann Arbor, Michigan 48109 
12 $ a s u i n g - M a w a d M h s *  
Motor Vehicle Manufacturers Association 
320 New Center Building 
Detroi t ,  Michigan 48202 
I .  l t q  moms 
5. R m c . 1  Omte 
December, 1977 
-6. P l f m i w O ~ ~ t m i m  b& 
, 8 .  P a h m i q  0-d- R w  Me.
UM-HSRI-77-44 
10. W h  Unit Me. 
11. C l w . c t ~ h t N ~  
361 122 
'3. T r r  .f R.)wc a d  p a d  ~ . . rd  
Interim Report 
9/75 - 8/77 
14. Srcl.aiy +y w e  
la. Absww 
Three hundred eighty-seven randomly selected accidents occurring i n  
Washtenaw and part  of Oakland Counties, Michigan were investigated.  Data 
relevant  t o  determination of the potent ia l  r o l e  of vehicle handling i n  
accident causation, par t icular ly  t i r e  data ,  were collected on 5 18 vehicles 
i n  these accidents. 
Limited t i r e  data were a l so  obtained during random Michigan S t a t e  
Police checklane inspections i n  the summer of 1976. The checklane and 
accident samples were compared on t i r e  pressure, t read depth, and carcass 
construction. Additional comparisons were made between subsets  of the 
accident sample. 
The data reveal generally poor t i r e  maintenance pract ices  i n  both 
samples, but there i s  no evidence t o  implicate poorly maintained t i r e s  as 
causative factors  i n  accidents except on wet o r  s l ippery roads. T h i s  
conclusion is  ten ta t ive  because of the limited number of vehicles i n  the  
accident sample, and because the  control  group may not adequately 
represent the population which generated the accident sample. 
Larger sample s izes ,  more def in i t ive  control-group data and 
development of a de f in i t ion  of vehicle-handling accidents are  recommended. 
17. I.* *rds 18. Diskibcior, St . tn.n# 
Unlimited 
i 
19. Sown* Clrslf. (ef *is ) 
Unclassified 
m. kcuiq CImssif. (of tkim -) 
Unclassified 
21. No. of Pr).s 
9 0 





LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  LISTOFFIGURES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SUMMARY 
1.0 INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.0 DATA SET . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.1 S e l e c t i o n  C r i t e r i a  . . . . . . . . . . . . . . . . . . . . .  
2.2 Data  Elements  . . . . . . . . . . . . . . . . . . . . . . . .  
2.3 Accident P o p u l a t i o n  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.4 D r i v e r s  
2.5 Cont ro l  P o p u l a t i o n  . . . . . . . . . . . . . . . . . . . . . .  
3.0 RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3.1 U n i v a r i a t e  D i s t r i b u t i o n s  of  
S e l e c t e d  V a r i a b l e s  . . . . . . . . . . . . . . . . . . . . .  
3.2 T i r e  I n f l a t i o n  P r e s s u r e  . . . . . . . . . . . . . . . . . . .  
3.2.1 Accident Comparisons on 
Environmental  V a r i a b l e s  . . . . . . . . . . . . . . . .  
3.2.2 Accident P o p u l a t i o n  S u b s e t s  . . . . . . . . . . . . . .  
3.2.3 Accident vs  . Checklane . . . . . . . . . . . . . . . .  
3.3 Mixing of  Types of C a r c a s s  
C o n s t r u c t i o n  . . . . . . . . . . . . . . . . . . . . . . . .  
3 . 4 T r e a d D e p t h  . . . . . . . . . . . . . . . . . . . . . . . . .  
3.4.1 Tread Depth Comparisons of 
Accident  and Checklane Samples . . . . . . . . . . . .  
3.4.2 Mean Tread Depths i n  t h e  
Accident  Sample . . . . . . . . . . . . . . . . . . . .  
3.4.3 Tread Wear P a t t e r n s  i n  t h e  
Accident  Sample . . . . . . . . . . . . . . . . . . . .  
Appendix A :  C o n t r o l  P o p u l a t i o n  Data  C o l l e c t i o n  Form . . . . . . . . . .  w i t h  S e l e c t e d  U n i v a r i a t e  Pe rcen tages  
Appendix B: I n d i v i d u a l  Case Summaries of 
Accident-Involved Veh ic les  wi th  
R a d i a l  T i r e s  Mixed w i t h  Non-Radial T i r e s  . . . . . . . .  
Appendix C :  Mathematical  R e p r e s e n t a t i o n  of 
Tread Wear P a t t e r n s  . . . . . . . . . . . . . . . . . .  
LIST OF TABLES 
Percentage Dis t r ibut ion of Drivers 
by Age Group . . . . . . . . . . . . . . . . . . . . . . . .  
Percentage Dis t r ibut ion of Drivers by 
Accident Subsets and Impairnent. . . . . . . . . . . . . . .  
Percentage Dis t r ibut ion of Alcohol-Impaired 
Drivers by Age Groups. . . . . . . . . . . . . . . . . . . .  
Frequency of Drivers and Proportion of 
Alcohol-Impaired Drivers by Age Group. . . . . . . . . . . .  
Distr ibutions of Selected Variables i n  
the  Accident F i l e  by Percentage of Cases . . . . . . . . . . .  
Mean Tire  Pressure Differences fo r  
Variables i n  the Accident Population Subset 
. . . . . . . . . . . . . . . . . . . . .  on Surface Slippery. 
Mean of Maximum Pressure Differences 
f o r  Vehicles i n  Single and Multi-vehicle 
Accidents on Slippery and Not-slippery Roads . . . . . . . .  
Means of Maximum Pressure Differences 
of Accident Vehicles by Tread Depth . . . . . . . . . . . . . . . . . . .  and Surface Condition. 
Mean of Maximum Placard Differences 
. . . . . . . . . . . . . . . . . . . .  by Surface Condition 
Comparison of Accident Subsets on Mean Pressure Differences. 
Manufacturers ' Recommended PSI ( a t  Maximum 
~ o a d i n g )  Minus Actual PSI by Tire Posit ion . . . . . . . . . . . . . .  f o r  Accident Population Subsets. 
Mean Maximum Pressure Differences fo r  . . . . . . . . . . . . . . . .  Accident Vehicles by Weight. 
Accident and Checklane T i re  Pressures . . . . . . . . . . . . . . . . . . . . . .  by Tire  Posit ion 
Mean Pressure Differences fo r  1972-1977 . . . . . . . . . . . . . .  Accident and Checklane Vehicles. 
Comparison of Accident Subsets w i t h  the Control Population . . . . . . . . . . . . .  on Mean Tire  Pressure Differences. 
Accident and Control Populations by 
Mean Tire Pressure Differences by Model Year . . . . . . . .  
Mean T i r e  P r e s s u r e  D i f f e r e n c e s  by Model f o r  
72-77 Veh ic les  i n  t h e  C o n t r o l  P o p u l a t i o n  . . . . . . . . . .  
Mean T i r e  P r e s s u r e  D i f f e r e n c e s  by Model f o r  
1972-1977 Accident Veh ic les .  . . . . . . . . . . . . . . . .  
D i s t r i b u t i o n s  of F r o n t  Average PSI 
Minus Rear Average PSI (D) f o r  Accident  and 
Checklane Samples of  Passenger  Cars.  . . . . . . . . . . . .  
Comparisons of  t h e  T a i l  of  t h e  
D i s t r i b u t i o n s  o f  D . . . . . . . . . . . . . . . . . . . . .  
Mixing of Carcass  Types 
by Road S u r f a c e  Condi t ion.  . . . . . . . . . . . . . . . . .  
Mixing of Carcass  Types by Road S u r f a c e  
Condi t ions  Discoun t ing  Mixes P o s s i b l y  
R e s u l t i n g  from t h e  Use of Snow T i r e s  . . . . . . . . . . . .  
P r o p o r t i o n  of V e h i c l e s  i n  t h e  Combined 
Accident andchecklane Samples w i t h  a Minimum Mean Tread 
Depth 2/32 o r  l e s s  by Age. . . . . . . . . . . . . . . . . .  
Vehic le  Age by Popu la t ion .  . . . . . . . . . . . . . . . . .  
L e a s t  Squares  Regress ion of Tread Depth 
by Sample and Veh ic le  Age, . . . . . . . . . . . . . . . . .  
Weighted L e a s t  Squares  Regress ion 
of  Tread Depth L e s s  Than 2/32 by Sample 
and Vehic le  Age. . . . . . . . . . . . . . . . . . . . . . .  
D i s t r i b u t i o n  of Model i n  Each Sample 
P r o p o r t i o n  of Cars  w i t h  Minimum 
Tread Depth of 0-2/32 i n  P e r c e n t  
by Sample and Model. . . . . . . . . . . . . . . . . . . . .  
Weighted L e a s t  Squares  Regress ion of 
Tread Depth of 2/32 o r  Less  by Sample, Age, 
and Model. . . . . . . . . . . . . . . . . . . . . . . . . .  
Dummy Model V a r i a b l e s  f o r  I n t e r a c t i o n .  . . . . . . . . . . .  
Weighted L e a s t  Squares  Regress ion 
of Tread Depth L e s s  Than 3/32 by Sample, 
Age, and Model With I n t e r a c t i o n .  . . . . . . . . . . . . . .  
Weighted L e a s t  Squares  Regress ion of 
Tread Depth l e s s  t h a n  3/32 by S m p l e  
. . . . . . . . . . . . .  and Age w i t h  24 Degrees of  Freedom 
. . . . . . . . . . . . . .  D i s t r i b u t i o n  of Mean Tread Depth 
iii 
. . . . . . . . . . . . . . . . . . . . .  Minimum Tread Depth 
Comparison of Wet and Dry Surfaces wi th  a 
. . . . . . . . . . .  Dichotomy of Minimum Mean Tread Depths 
. . . . . . . . . . . . . . .  Tread Depth Range On Each Tire 
Tread Wear Pattern Direction and Wheel . . . . . . . . . . . . . . . . . . . . . . . . . .  Position 
Tread Wear Pattern Direction and . . . . . . . . . . . . . . . . . . . . . . . .  Carcass Type 
Tread Wear Pattern Direction and . . . . . . . . . . . . . . . . . . . . . .  Tire Aspect Ratio 
. . . . . . . . .  Tread Wear Pattern Direction and Model Type 
Means Test of In f la t ion  Pressure by Wear . . . . . . . . . . . . . . . . . . . . . .  Pattern Direction 
. . . . . . . . . . .  Incidence of Tire Tread Wear Asymmetry 
. . . . . . . . . .  Wear Pattern Asymmetry by Wheel Position 
. . . . . . . . . . . .  Wear Pattern Asymmetry by Model Type 
Wear Pattern Asymmetry by Road . . . . . . . . . . . . . . . . . . . . . .  Surface Condition 
Wear Pattern Asymmetry by Number of . . . . . . . . . . . . . . . . . . . .  Vehicles i n  Accident 
LIST OF FIGURES 
Distr ibutions of Tire Pressures i n  Accident . . . . . . . . . . . . . . . . . . .  and Checklane Samples. 
Distr ibution of Tread Depth of Each Tire . . . . . . . . . . . . . . . . . . .  0-5 Year Old  Vehicles. 
Distr ibution of Minimum Tread Depth on Each Vehicle . . . . . . . . . . . . . . . . . . .  0-5 Year Old  Vehicles. 
Mean Minimum Tread Depth by Vehicle Age 
Combined Checklane and Accident Data . . . . . . . . . . . .  40 
Depth of Tread Wear Pattern of Tires i n  Accidents. . . . . .  5 6 
Sample Representation of a Tread Wear Pat tern  
by a Second Order Curve. . . . . . . . . . . . . . . . . . .  7 6 
Cumulative Distr ibution of the Maximum Difference Between 
Observed and Predicted Groove Depth fo r  Each Tire. . . . . .  7 7 
Histogram of the Constant Term i n  the Second Order 
Equation f o r  Tread Pat tern  . . . . . . . . . . . . . . . . .  78 
Histogram of the Coefficients of the First Order Term 
i n  the Equation f o r  Tread Pattern. . . . . . . . . . . . . .  7 9 
Histogram of the Coefficients of the Second Order Term 
i n  the Equation fo r  Tread Pattern. . . . . . . . . . . . . .  8 0 

SUMMARY 
T h i s  second i n t e r i m  r e p o r t  of  a p r o j e c t  e n t i t l e d  "Vehic le  Handling 
Studyn d e s c r i b e s  work conducted d u r i n g  t h e  p e r i o d  September 1 ,  1975 t o  
September 1 ,  1977. I t  p r e s e n t s  f i n d i n g s  of  a n a l y s e s  o f  t i r e  d a t a  c o l l e c t e d  
on 518 v e h i c l e s  invo lved  i n  a c c i d e n t s  i n  Oakland and Washtenaw Count ies .  
The a n a l y s e s  were conducted t o  a s s e s s  t h e  r o l e  of t i r e s  i n  a c c i d e n t  
c a u s a t i o n .  Given t h a t  u n d e r - i n f l a t e d ,  mismatched, o r  worn t i r e s  n e g a t i v e l y  
a f f e c t  veh ic le -hand l ing  p r o p e r t i e s ,  t h e  t i r e  d a t a  were examined t o  determine 
t h e  f requency of  such f a c t o r s  and whether they  may r e l a t e  t o  a c c i d e n t  
c a u s a t i o n .  
The d a t a  were o b t a i n e d  from c a r s  and l i g h t  t r u c k s  invo lved  i n  245 
s i n g l e - v e h i c l e  and 142 two-vehicle a c c i d e n t s .  Comparative d a t a  were a l s o  
o b t a i n e d  from t h e  Michigan S t a t e  P o l i c e  check lane  i n s p e c t i o n s  conducted i n  
t h e  summer of 1976. Those i n s p e c t e d  v e h i c l e s  were randomly s e l e c t e d .  Thus 
t h e i r  t i r e  d a t a  r e p r e s e n t  a q u a s i - c o n t r o l  sample drawn from a n  exposed 
p o p u l a t i o n .  
The a n a l y t i c a l  approach c o n s i s t e d  of  comparing t h e  checklane t i r e  
p r e s s u r e  and t r ead-dep th  d a t a  w i t h  s i m i l a r  d a t a  from t h e  a c c i d e n t  p o p u l a t i o n  
and w i t h  t h e  f o l l o w i n g  s u b s e t s  o f  t h e  a c c i d e n t  popu la t ion :  s i n g l e - v e h i c l e  
a c c i d e n t s ;  two-vehic le ,  i n t e r s e c t i o n - t y p e  a c c i d e n t s ;  and two-vehic le ,  non- 
i n t e r s e c t i o n - t y p e  a c c i d e n t s .  More d e t a i l e d  d a t a  abou t  t h e  c a r c a s s  type  and 
about  t r e a d  dep th  were a v a i l a b l e  f o r  t h e  a c c i d e n t  p o p u l a t i o n ,  and f u r t h e r  
comparisons were made on t h e s e  v a r i a b l e s  f o r  t h e  a c c i d e n t  s u b s e t s .  
1 .  No s i g n i f i c a n t  d i f f e r e n c e  was found between t h e  i n f l a t i o n  p r e s s u r e s  
of t h e  a c c i d e n t  and c o n t r o l  samples.  The d i f f e r e n c e  of 3 p . s . i . ,  found i n  
an  e a r l i e r  a c c i d e n t  sample and d i s c u s s e d  i n  t h e  f i rs t  i n t e r i m  r e p o r t ,  
d iminished t o  l e s s  than  0 . 6  p . s . i .  d i f f e r e n c e  between t h e  mean p r e s s u r e s .  
(See  page 23 . )  
2 .  Accident  v e h i c l e s  t h a t  had t h e  g r e a t e s t  imbalance of t i r e  p r e s s u r e s  
were t h o s e  invo lved  i n  c r a s h e s  on s l i p p e r y  roads .  O f  t h o s e  v e h i c l e s ,  ones  
t h a t  had one o r  more t i r e s  w i t h  a t r e a d  dep th  of no more t h a n  2 /32  inches  
had the  highest pressure imbalances. The vehicles involved i n  slippery-road 
accidents a l so  had t i r e  pressures tha t  deviated the  most from the 
manufacturerst recommended pressures a t  maximum load. (Pages 17-20,) 
3 .  The t i r e  pressure imbalances i n  the  accident sample were 
s ign i f i can t ly  g rea te r  than those i n  the  control  sample. The s ign i f i can t  
difference resulted from higher differences among the  vehicles i n  the 
single-vehicle and non-intersection, two-vehicle subsets of the accident 
sample. Exceptions t o  t h i s  were the 1976-model vehicles i n  the  accident 
sample. Those vehicles had lower mean pressure differences than the  
checklane vehicles. (Pages 26-27. ) 
4 .  I n  both the  accident and checklane samples, pressure imbalances 
were g rea te r  i n  subcompacts and trucks than they were i n  compact, 
intermediate, and fu l l - s i ze  body types. The g rea tes t  imbalances were found 
i n  vehicles i n  the smallest  body type. For each body type, differences 
between the  accident and checklane samples were ins ign i f i can t .  (Page 27.) 
5 .  The difference between the average f ron t  pressure and the  average 
rea r  pressure was computed f o r  each passenger vehicle i n  the  accident and 
checklane samples. The two resu l t ing  d i s t r ibu t ions  d i f f e r  s ign ic ican t ly ,  
w i t h  the checklane d i s t r ibu t ion  being displaced i n  the di rect ion of higher 
f ront  minus rea r  differences,  compared t o  the  accident d i s t r ibu t ion .  The 
two posit ive and the  two negative t a i l s  of the dis t r ibut ions-- i .e . ,  the 
regions w i t h  the l a rges t  absolute values of pressure difference--were 
compared f o r  the two samples, and i t  was found i n  both cases that  the 
differences were only marginally s ign i f i can t .  I t  was concluded, therefore,  
tha t  most of the observed overal l  difference must have ar isen from the  
cen t ra l  portions of the d i s t r ibu t ions ,  wherein the  pressure differences a re  
so  small a s  t o  be of l i t t l e  handling consequence. (Pages 28-32. ) 
6. The accident and checklane samples had the  same percentage of 
vehicles ( 1 % )  w i t h  mixed r ad i a l  and non-radial t i r e s .  I n  the  accident 
sample, 9.6% of the vehicles had mixed bias-ply t ires--belted w i t h  non- 
belted. For the checklane sample t h i s  percentage was 1 . 6 .  T h i s  difference 
would appear t o  r e l a t e  more t o  the dr ivers  than t o  the  physical 
charac te r i s t i c s  of the accidents. (Pages 33-36. ) 
7 .  The two samples were not large enough t o  shcw any s ign i f i can t  
d i f f e r e n c e  i n  t h e  amount o f  t i r e  t r e a d  f o r  t h e  two groups  o f  v e h i c l e s .  
(Pages  37-49. ) 
8 .  No s i g n i f i c a n t  d i f f e r e n c e  was found i n  t h e  mean t r e a d  dep th  of  t h e  
most-worn t i r e  on v e h i c l e s  invo lved  i n  s i n g l e - v e h i c l e  and two-vehicle 
c r a s h e s .  However, v e h i c l e s  having a t i r e  w i t h  2/32  i n c h e s  o r  l e s s  t r e a d  
were over invo lved  i n  a c c i d e n t s  on wet roads  by a f a c t o r  of more t h a n  2 .  
(Pages  49-52.) 
9 .  The wear p a t t e r n s  of tires were found t o  va ry  by wheel p o s i t i o n .  
More r e a r  t i r e s  wear convexly ( w i t h  more t r e a d  i n  t h e  c e n t e r )  t h a n  do f r o n t  
t i r e s .  Twice a s  many r a d i a l  t i r e s  had l i n e a r  wear a s  d i d  r e g u l a r  bias o r  
b e l t e d  b ias -p ly  t i r e s .  Concave o r  convex wear was no t  a s s o c i a t e d  w i t h  
i n f l a t i o n  p r e s s u r e .  (Pages  53-64.) 
The c e n t r a l  c o n c l u s i o n  from t h e  s t u d y  t o  d a t e  is  t h a t  t h e r e  is  no 
compel l ing .ev idence  t h a t  t i r e  f a c t o r s  a r e  c a u s a t i v e  of a c c i d e n t s  on dry  
roads .  However, improper t i r e  matching and maintenance p r a c t i c e s  appear  t o  
be a c c i d e n t - c a u s a t i o n  f a c t o r s  i n  c r a s h e s  i n v o l v i n g  wet o r  s l i p p e r y  roads .  
I n f e r e n c e s  concern ing  t h e  r o l e  of t i r e  f a c t o r s  on non-s l ippery  roads  a r e  
l i m i t e d  p a r t l y  by t h e  small s i z e  of t h e  a c c i d e n t  sample. A l a r g e r  a c c i d e n t  
sample is  needed. The t a i l s  of  some of t h e  d i s t r i b u t i o n s  used t o  conclude 
t h a t  t i r e  performance is no t  a p rob len  on non-s l ippery  roads  c o n t a i n  s o  few 
c a s e s  t h a t  t h o s e  may r e s u l t  from chance.  
The c u r r e n t  l a c k  of  broad agreement on a p r a c t i c a l  d e f i n i t i o n  of  "a 
veh ic le -hand l ing  a c c i d e n t v  c o n t i n u e s  t o  i n h i b i t  development of  methods f o r  
i d e n t i f y i n g  such a c c i d e n t s  and t h e i r  causes .  C e r t a i n l y  c o l l e c t i o n  and 
a n a l y s i s  o f  more and b e t t e r  p re -c rash  d a t a  a r e  e s s e n t i a l  t o  f u r t h e r  p r o g r e s s  
i n  t h e  s t u d y  of  v e h i c l e  hand l ing .  
More d e f i n i t i v e  c o n t r o l  group d a t a  shou ld  be ob ta ined .  The 
s t a t i s t i c a l  i n f e r e n c e  approach depends fundamental ly  on t h e  a b i l i t y  t o  
compare t h e  c h a r a c t e r i s t i c s  o f  an  a c c i d e n t  sample w i t h  t h e  c h a r a c t e r i s t i c s  
of t h e  exposed,  a t - r i s k  p o p u l a t i o n  from which i t  comes. The pseudo-control  
group used i n  t h i s  s tudy  i s  no t  d e t a i l e d  enough t o  c a r r y  o u t  t h e  d e s i r e d  
comparisons.  It may a l s o  be i n s u f f i c i e n t l y  r e p r e s e n t a t i v e  i n  time and space  
t o  s e r v e  as a d e f i n i t i v e  comparison group.  
Manufac tu re r s '  recommended t i r e  p r e s s u r e s  a t  a v e r a g e  l o a d ,  and 
d e v i a t i o n s  from them, s h o u l d  be o b t a i n e d  f o r  bo th  a c c i d e n t  and c o n t r o l  
g roups  on a  veh ic le -by-veh ic le  b a s i s .  
Companion s t u d i e s  t o  d e f i n e  h a n d l i n g  c h a r a c t e r i s t i c s  o f  t h e  a t - r i s k  
p o p u l a t i o n  of v e h i c l e s  s h o u l d  be expanded ( c f .  NMA P r o j e c t  4.29,  "Develop 
Accident  C a u s a t i o n  I n v e s t i g a t i o n  Techniques"  ) . Those s t u d y  r e s u l t s  can  be 
used i n  c o n j u n c t i o n  w i t h  r e s u l t s  o f  s t u d i e s  such  a s  t h i s  t o  c l a r i f y  t h e  
r o l e  of  v e h i c l e  h a n d l i n g  a s  a n  a c c i d e n t - c a u s a t i o n  f a c t o r .  
INTRODUCTION 
The purposes of t h i s  second interim vehicle handling report a re  t o  
describe the data col lec t ion and ana ly t i ca l  a c t i v i t i e s  conducted since the 
f i r s t  report  was issued, and t o  present the more important findings tha t  
have emerged from these a c t i v i t i e s .  
The f i r s t  report  reviewed accident investigation procedures r e l a t i ve  t o  
vehicle handling, discussed some of the various methodological approaches 
then under consideration, and iden t i f i ed  various strengths and weaknesses of 
the several  approaches. The f u l l  discussion contained i n  the  f i r s t  report 
w i l l  n o t .  be repeated here, but i t  is important t o  note some of the 
charac te r i s t i c s  that  underl ie the  approach tha t  has been adopted. 
Our basic approach to  determining the  po ten t ia l  ro le  of vehicle 
handling a s  a possible contributing fac to r  t o  accident causation has been 
the s t a t i s t i c a l  inference approach. I n  general terms, data elements 
believed t o  be relevant t o  accident causation a re  iden t i f i ed ,  and these data 
elements a re  then collected on a representat ive sample of accidents. 
Idea l ly ,  the same data elements are  a l so  collected on a representat ive 
sample of the exposed, a t - r i sk  population of vehicles using the  highways a t  
the  times and places that  the accidents occur. The analysis  in  t h i s  
approach consis ts  e ssen t ia l ly  of comparing the  two samples and looking f o r  
the overrepresentation o r  underrepresentation of selected variables i n  the 
accident population compared t o  the control  population. Variables t ha t  a re  
found t o  be overrepresented i n  the accident population w i t h  respect t o  t h e i r  
proportions i n  the  control  population are  presumed, a t  the f i r s t  l eve l  of 
analys is ,  t o  be causally re la ted  t o  the occurrence of accidents. 
The extent t o  which the overall  s t a t i s t i c a l  inference approach can be 
implemented i n  any single project i s  governed pr inar i ly  by p rac t i ca l  issues. 
The amount of time tha t  can be spent on any single accident by the f i e l d  
invest igators ,  the number of such cases that  can be investigated,  and the 
resources available f o r  a deta i led  descript ion of the control  population are 
a l l  highly relevant .  In  the present project i t  has been necessary t o  l i m i t  
the scope of the overal l  investigation by focusing the  data col lect ion 
a c t i v i t i e s  on a par t i cu la r  topic  of in te res t .  Tires were selected i n i t i a l l y  
because i t  is well known tha t  t i r e s  have a highly s ign i f ican t  e f fec t  on 
vehicle handling charac te r i s t i cs ,  and presumably, on vehicle-handling 
accidents i f  such ex i s t .  Further, i t  was believed t ha t  improperly 
maintained or  used t i r e s  could be detected re la t ive ly  eas i ly  (compared t o  
other vehicular components that  influence vehicle handling) i n  the accident 
population. 
Project resources were al located t o  accident and accident-involved 
vehicle investigations,  and no resources were devoted t o  obtaining a 
comparably detai led description of the control  population. A pseudo-control 
population was available,  however, i n  the form of the checklane data 
collected by HSRI i n  i t s  evaluation of the Michigan vehicle inspection 
program. The data from t h i s  program, sponsored by the Michigan Department 
of S t a t e  Police, a re  described subsequently and compared t o  the accident 
data. 
2.0 DATA SET 
The d a t a  c o l l e c t i o n  p rocedures  and d e t a i l e d  i n f o r m a t i o n  about  t h e  
s p e c i f i c  d a t a  e l ements ,  i n c l u d i n g  d a t a  c o l l e c t i o n  forms,  were p r e s e n t e d  i n  
t h e  f i rs t  i n t e r i m  r e p o r t .  These a r e  reviewed b r i e f l y  below, and t h e  
c o n t e n t s  of  t h e  d a t a  s e t  a s  i t  c u r r e n t l y  e x i s t s  a r e  g iven  i n  terms o f  
s e v e r a l  d e s c r i p t i v e  v a r i a b l e s .  
A t  t h e  beginning of  t h e  c u r r e n t  project--September 1 ,  1975--the case- 
s e l e c t i o n  c r i t e r i a  were s e t  t o  i n v e s t i g a t e  a l l  a c c i d e n t s  i n  which one o r  two 
v e h i c l e s  were invo lved  and i n  which a l l  invo lved  v e h i c l e s  were towed from 
t h e  s c e n e  because of damage s u s t a i n e d  d u r i n g  t h e  a c c i d e n t  sequence.  
Passenger  c a r s  and l i g h t  t r u c k s  w i t h  f o u r  wheels were r e q u i r e d  t o  be among 
t h e  f i v e  most r e c e n t  model y e a r s ,  whereas a l l  o t h e r  t r u c k s  and buses  could  
be up t o  t e n  model y e a r s  o l d .  Thus 1972 and subsequent  model y e a r  c a r s  and 
l i g h t  t r u c k s  were e l i g i b l e  i n i t i a l l y ,  and 1977 v e h i c l e s  were added a s  they 
were in t roduced  i n t o  t h e  d r i v i n g  p o p u l a t i o n  i n  l a t e  1976. 
Simple random sampling from v e h i c l e s  meeting both  t h e  a c c i d e n t  and 
case -veh ic le  s e l e c t i o n  c r i t e r i a  g i v e n  above was employed. T h i s  reduced t h e  
a c c i d e n t s  and v e h i c l e s  t o  be i n v e s t i g a t e d  t o  a number c o n s i s t e n t  w i t h  t h e  
s i z e  of t h e  f i e l d  i n v e s t i g a t i o n  s t a f f .  The sampling f r a c t i o n  has  been 
mainta ined a t  0 .2  i n  Washtenaw County. For t h e  Oakland County 
ju r i sd ic t ions - -Bloomf ie ld  Township, P o n t i a c ,  Royal Oak, S o u t h f i e l d ,  Troy,  
and Waterford Township--the sampl ing f r a c t i o n  was s e t  i n i t i a l l y  t o  0.2 and 
subsequen t ly  i n c r e a s e d  t o  0 .3  on A p r i l  1 ,  1976. ( I t  was reduced t o  0.2 on 
A p r i l  1 1 ,  1977, but  a l l  of t h e  v e h i c l e s  c o n t a i n e d  i n  t h e  p r e s e n t  d a t a  s e t  
exper ienced  t h e i r  a c c i d e n t  p r i o r  t o  t h a t  d a t e . )  
A l l  d a t a  e lements  have been c o l l e c t e d  on t h e  Annotated C o l l i s i o n  
Performance and I n j u r y  Repor t ,  Revis ion 3 ,  E d i t i o n  1/76,  VH/IC Study ,  4/76. 
The e n t i r e  form was reproduced i n  the  e a r l i e r  report and i s  not contained 
here. However, i t  should be noted t ha t  extensive data were collected f o r  
each wheel and t i r e .  These data elements include whether the  wheel was 
o r ig ina l  equipment and i f  i t  was damaged, the tread type, intended use 
(passenger car ,  l i g h t  t ruck,  e t c . )  , s i z e ,  brand, DOT code, and load range of 
the t i r e .  T i re  construction information including carcass type, number of 
p l i e s ,  ply material ,  and t he  presence of a tube o r  retread i s  a l so  
collected.  The in-use condition of the t i r e  i s  characterized by tread 
depth, cupping, and pressure, and t he  suspected loss  of pressure, damage t o  
the  t i r e  and involvement of the damage i n  accident causation a r e  a l so  noted. 
The accident data s e t  u t i l i z ed  i n  the subsequent analyses contains data 
from 387 accidents meeting the  se lect ion c r i t e r i a  and occurring between 
September 1 ,  1975 and February 23, 1977 i n  Washtenaw County and the  s i x  
Oakland County jur isdic t ions  given ea r l i e r .  Of these 387 accidents,  245 
(63% ) were single-vehicle accidents and 142 ( 37%) were two-vehicle 
1 
accidents. Of the 142 two-vehicle accidents,  data were obtained on both 
vehicles i n  126 cases,  and data  were obtained on only one vehicle i n  16 
cases. The resu l t  i s  that  the  data s e t  contains 513 vehicles,  245 (48%) of 
which were involved i n  single-vehicle accidents, and 268 (52%) from two- 
vehicle accidents. Data a re  missing, of course, on variables even though 
the vehicle i s  contained i n  the f i l e ,  with the resu l t  tha t  the number of 
vehicles is reduced fu r the r  i n  the ana ly t i ca l  runs, pa r t i cu la r ly  i n  those 
where several  variables are  used. 
The majority--55%--of the 387 accidents occurred a t  night, w i t h  41% 
occurring during the  day and the  remaining 4% a t  dusk o r  dawn. Of the 
single-vehicle accidents,  65% occurred a t  night ,  whereas only 39% of the 
two-vehicle accidents occurred a t  night. 
O f  the 513 vehicles involved, three  were parked cars and one was a 
1 The requirement that  both vehicles o f  two-vehicle accidents meet the 
model-year and tow-away c r i t e r i a  r e su l t s  i n  the disproport ionately high 
number of single-vehicle accidents. 
d r i v e r l e s s  moving v e h i c l e ,  l e a v i n g  509 invo lved  d r i v e r s .  For a l l  a c c i d e n t s ,  
69% o f  t h e  invo lved  d r i v e r s  were male. T h i s  i n c r e a s e s  t o  76% f o r  male 
involvements  i n  n ight- t ime a c c i d e n t s .  S i m i l a r l y ,  74% of  t h e  d r i v e r s  
invo lved  i n  s i n g l e - v e h i c l e  a c c i d e n t s  were male. 
The mean age  of a l l  d r i v e r s  i s  3  1.2 y e a r s ,  and 5 1.6% of  t h e  d r i v e r s  a r e  
26 y e a r s  o l d  and younger. The youngest  d r i v e r  is 15 y e a r s  o l d  and t h e  
o l d e s t  is 79 y e a r s  o l d .  The pe rcen tage  d i s t r i b u t i o n  of t h e  d r i v e r s  by 
b racke ted  age  is  g i v e n  i n  Tab le  1 .  
Tab le  1 
Pe rcen tage  D i s t r i b u t i o n  of D r i v e r s  by Age Group 
-------------------------.------------------------------------ 
I 
I . Age 
N ;------------------------------------------------------- 




508 1 8.9 16.9 20.9 13.6 15.9 17.9 5.9 
Alcohol was noted a s  an  i m p a i r i n g  f a c t o r  by t h e  a c c i d e n t  i n v e s t i g a t o r s  
f o r  28.3% o f  t h e  481 d r i v e r s  f o r  whom a n  "impairmentN judgement was made, 
and " a s l e e p N  was noted f o r  a n  a d d i t i o n a l  3.3% a s  shown i n  Table  2 .  A 
f u r t h e r  breakdown by number of v e h i c l e s  invo lved  and a  s imple  day /n igh t  
dichotomy shows t h a t  a l c o h o l  impairment was noted i n  45.3% of  t h e  s i n g l e -  
v e h i c l e  a c c i d e n t s ,  and n a l c o h o l l l  and " a s l e e p w  t o g e t h e r  i n c r e a s e  t h i s  t o  
51.2%.  As expec ted ,  f u r t h e r  s u b s e t t i n g  o f  t h e  s i n g l e - v e h i c l e  a c c i d e n t s  i n t o  
"dayn and " n i g h t w  c a t e g o r i e s  shows t h a t  61.3% o f  t h e  s i n g l e - v e h i c l e ,  
n i g h t t i m e  a c c i d e n t s  invo lve  d r i n k i n g  t o  some degree .  
The e x t e n t  of  impairment i n  t h o s e  d r i v e r s  f o r  whom a l c o h o l  was noted 
cannot  be i n f e r r e d  from t h e  d a t a  on hand. T h i s  is p r i n c i p a l l y  because  blood 
a l c o h o l  c o n t e n t  (BAC)  - - in  q u a n t i t a t i v e  terms-- is  r a r e l y  determined f o r  
acc iden t - invo lved  d r i v e r s  i n  Michigan. Only 1 1  d r i v e r s  were t e s t e d ,  and 
r e s u l t s  were a v a i l a b l e  f o r  on ly  5 o f  t h e s e .  F u r t h e r ,  i t  is known t h a t  not  
a l l  d r i v e r s  a r e  e q u a l l y  impaired a t  t h e  same 9AC. Young d r i v e r s  f r e q u e n t l y  
exper ience  g r e a t e r  impairment t h a n  do o l d e r  d r i v e r s  a t  t h e  same BAC. Tab le  
Table  2 




I I Impairment 
D r i v e r s  N I----------------------------------------- 
I 




A l l  . . . . . . / 481 1 63.8 28.3 
I 




S n g l , V e h , D a y .  1 86  1 64.0 14.4 5.8 12.8 
Sngl .  Veh, Night  f 150 1 31.3 61.3 6 .O 
I I 
1 * 3  
I I 




T w o V e h , D a y . .  1 150 1 93.3 2.7 0.7 3.3 
TwoVeh, N i g h t .  f 95 1 68.4 26.3 1.1 4.2 
3 shows t h e  p e r c e n t a g e  d i s t r i b u t i o n  of  d r i v e r s ,  by age ,  f o r  whom impairment 
due t o  d r i n k i n g  was noted.  The t a b l e  shows t h a t  dr inking- impairment  occurs  
among a l l  age  g roups  and i t  is h i g h e s t  among t h e  21-24 age group.  
Tab le  3 
P e r c e n t a g e  D i s t r i b u t i o n  of Alcohol-Impaired 
D r i v e r s  by Age Groups 
Tab le  4 shows t h e  f requency of  a lcohol- impaired d r i v e r s  by age  and t h e  
p r o p o r t i o n  noted t o  be impaired by a l c o h o l  ( t h e  number of a lcohol- impaired 
d r i v e r s  i n  a n  age  group d i v i d e d  by t h e  t o t a l  number of acc iden t - invo lved  
d r i v e r s  i n  t h a t  age g r o u p ) .  I t  can be s e e n  t h a t ,  e x c e p t  f o r  t h e  youngest  
and o l d e s t  age  groups ,  t h e  a lcohol- impaired p r o p o r t i o n  ranges  from a b o u t  
one-quar te r  t o  one- th i rd  and i s  on ly  i n s i g n i f i c a n t l y  h i g h e r  f o r  t h e  21-24 
age group t h a n  f o r  t h e  40-59 age  group.  
Table  
Frequency o f  D r i v e r s  and P r o p o r t i o n  of  Alcohol-Impaired 





I A l l  Ages 1 15-17 18-20 21-24 25-29 30-39 40-59 60-79 
I I 
I I 
I 481 1 38 N . . I  8 2 104 6 4  7  9  8  4  3  0  
I I 
I I 
Prop.  1 ,283 1 ,132 .256 ,346 ,297 -316 e333 a067 
The purpose  of t h e  f o r e g o i n g  d i s c u s s i o n  is t o  p rov ide  a van tage  p o i n t  
f o r  c o n s i d e r i n g  t h e  d e t a i l e d  a n a l y s e s  t h a t  a r e  p r e s e n t e d  s u b s e q u e n t l y .  The 
c e n t r a l  p o i n t  is not  t h a t  a l coho l - impa i red  d r i v e r s  o r  young d r i v e r s  a r e  
common among a c c i d e n t - i n v o l v e d  d r i v e r s ;  t h o s e  f a c t s  have been thorough ly  
demonstra ted  and d r i v e r  a n a l y s e s  a r e  no t  t h e  f o c u s  o f  t h i s  r e p o r t .  
None the less ,  d r i v e r  and v e h i c l e  performance a r e  s o  c l o s e l y  coupled i n  t h e  
veh ic le -hand l ing  c o n t e x t  t h a t  i t  is meaningful  t o  c o n s i d e r  v e h i c l e / d r i v e r -  
h a n d l i n g  performance a s  a  s i n g l e  e n t i t y .  The d r i v e r ,  i n  such a  
c o n c e p t u a l i z a t i o n ,  would be c o n s i d e r e d  a  component i n  t h e  same s e n s e  a s  
t i r e s ,  b r a k e s ,  s t e e r i n g  l i n k a g e s ,  and t h e  l i k e .  I n  t h i s  c o n t e x t ,  
d i f f e r e n c e s  between a c c i d e n t  subsets- -such a s  s i n g l e - v e h i c l e  v e r s u s  two- 
v e h i c l e  acc iden t s - -a re  shown more s h a r p l y  by d i f f e r e n c e s  i n  t h e  age  and 
a l c o h o l  f a c t o r s  than  t h e y  a r e  by d i f f e r e n c e s  i n  t h e  t i r e s  d i s c u s s e d  i n  t h e  
subsequent  s e c t  i o n s .  
One of t h e  b a s i c  a n a l y t i c  t e c h n i q u e s  i n  t h e  f o l l o w i n g  s e c t i o n s  is t h e  
comparison of t h e  a c c i d e n t  sample w i t h  a  c o n t r o l  p o p u l a t i o n  on s e l e c t e d  
v a r i a b l e s  a v a i l a b l e  f o r  both  p o p u l a t i o n s .  The purpose  of t h i s  comparison i s  
t o  de te rmine  o v e r r e p r e s e n t a t i o n  ( o r  u n d e r r e p r e s e n t a t i o n )  of  t h e s e  v a r i a b l e s  
i n  t h e  a c c i d e n t  sample ,  compared t o  a n  a t - r i s k  p o p u l a t i o n  of non-accident-  
invo lved  v e h i c l e s .  
S i n c e  May, 1975, HSRI has  p a r t i c i p a t e d  i n  t h e  e v a l u a t i o n  of  t h e  
Michigan check lane  v e h i c l e  i n s p e c t i o n  program. During t h e  summer of 1975,  
t i r e  p r e s s u r e s  were measured on a random sample of  a l l  v e h i c l e s  s topped  a t  
S t a t e  P o l i c e  random check lane  s i t e s  i n  Monroe and Jackson Count ies .  These 
d a t a ,  used a s  a sample of a c o n t r o l  p o p u l a t i o n ,  were compared w i t h  a c c i d e n t -  
invo lved  v e h i c l e s ,  and t h e  r e s u l t s  were g i v e n  i n  t h e  first i n t e r i m  r e p o r t .  
During t h e  summer of  1976 t h e  S t a t e  P o l i c e  check lane  s i t e s ,  mainly 
' f e e d e r '  r o u t e s  w i t h  adequa te  t r a f f i c  f l o w ,  were re-sampled i n  Jackson  
County. I t  became p o s s i b l e ,  w i t h  t h e  c o o p e r a t i o n  of  t h e  Michigan S t a t e  
P o l i c e ,  to '  g a t h e r  a small amount of  a d d i t i o n a l  d a t a  on check lane  v e h i c l e s .  
A form des igned  t o  o b t a i n  more d a t a  p e r t i n e n t  t o  t h e  c u r r e n t  s t u d y  was 
f i l l e d  o u t  on randomly s e l e c t e d  v e h i c l e s .  A copy o f  t h i s  form w i t h  s e l e c t e d  
u n i v a r i a t e  p e r c e n t a g e s  may be found i n  Appendix A .  The d a t a  r e p r e s e n t  
p r i m a r i l y  passenger  c a r s ,  a l t h o u g h  some l i g h t  t r u c k s  and u t i l i t y  v e h i c l e s  
a r e  a l s o  i n c l u d e d .  These d a t a  on 1430 v e h i c l e s  have been used f o r  
comparison w i t h  t h e  a c c i d e n t  p o p u l a t i o n  i n  t h e  f o l l o w i n g  s e c t i o n s .  
I d e a l l y  t h e  c o n t r o l  sample used f o r  comparison w i t h  t h e  a c c i d e n t  sample 
would be o b t a i n e d  from t h e  same coun ty ,  l o c a l e ,  and t i m e  a s  t h e  a c c i d e n t  
p o p u l a t i o n  of v e h i c l e s .  However, t h e  j ackson  County comparison p o p u l a t i o n  
provided a conven ien t  sample a t  no c o s t  t o  t h e  p r o j e c t  and i s  c e r t a i n l y  
b e t t e r  t h a n  any a l t e r n a t i v e s  a v a i l a b l e .  
3.0 RESULTS 
T h i s  s e c t i o n  p r e s e n t s  r e s u l t s  from a n a l y s e s  of  t h e  c a s e s  now i n  t h e  
d i g i t a l  f i l e .  The d i g i t a l  f i l e  c o n t a i n s  518 v e h i c l e s  a s  of  June  1 ,  1977. 
O f  t h e s e ,  513 f u l l y  met t h e  s t u d y  c r i t e r i a .  (The o t h e r  5 v e h i c l e s  were 
i n c l u d e d  because  d a t a  c o l l e c t i o n  had been completed and t h e  d a t a  s e r v e  t h e  
i n j u r y - c a u s a t i o n  p o r t i o n s  o f  t h e  o v e r a l l  s t u d y ) .  U n i v a r i a t e  d i s t r i b u t i o n s  
o f  t i r e  v a r i a b l e s  and o t h e r  s e l e c t e d  v a r i a b l e s  of  i n t e r e s t  a r e  a l s o  
con ta ined  i n  t h i s  s e c t i o n  a s  w e l l  a s  a n a l y s e s  of s e l e c t e d  v a r i a b l e s  
p e r t a i n i n g  t o  t i r e s .  T i r e  c h a r a c t e r i s t i c s  examined a r e  ( 1 )  i n f l a t i o n  
p r e s s u r e s ,  ( 2 )  mixes of c a r c a s s  t y p e ,  and ( 3 )  remaining t r e a d  depth .  
The b a s i c  a n a l y t i c  t e c h n i q u e  i n v o l v e s  comparison of v a r i o u s  s u b s e t s  o f  
t h e  a c c i d e n t  p o p u l a t i o n  and comparison of  t h e  a c c i d e n t  p o p u l a t i o n  t o  a  
c o n t r o l  popu la t ion .  The o b j e c t  of  t h e  a n a l y s i s  i s  t o  compare a c c i d e n t -  
invo lved  v e h i c l e s  w i t h  "at r i s k v  v e h i c l e s  on s e l e c t e d  v a r i a b l e s  t o  determine 
o v e r r e p r e s e n t a t i o n  o r  u n d e r r e p r e s e n t a t i o n  o f  t i r e  parameters  i n  t h e  a c c i d e n t  
popu la t ion .  The first  method, u s i n g  s u b s e t s  of  t h e  a c c i d e n t  p o p u l a t i o n ,  
u s e s  t h e  "induced exposurew t e c h n i q u e  w h i l e  t h e  second method, comparison 
w i t h  a  c o n t r o l  p o p u l a t i o n ,  u s e s  a group e x t e r n a l  t o  t h e  a c c i d e n t  popu la t ion .  
Measurement of  o v e r r e p r e s e n t a t i o n  by comparing two p o p u l a t i o n s  is a  
common and a p p r o p r i a t e  a n a l y t i c a l  t echn ique .  There  a r e  c a u t i o n s  t h a t  shou ld  
be observed i n  i t s  u s e ,  however. De te rmina t ion  of r e a l  d i f f e r e n c e s  between 
t h e  popu la t ions - - ra the r  t h a n  observed d i f f e r e n c e s  r e s u l t i n g  from chance--is  
based on methods o f  s t a t i s t i c a l  i n f e r e n c e .  I f  s t a t i s t i c a l  s i g n i f i c a n c e  is  
ach ieved ,  two q u e s t i o n s  must be addressed .  One is  whether  t h e  d i f f e r e n c e s ,  
even i f  r e a l ,  a re  o p e r a t i o n a l l y  s i g n i f i c a n t ,  i . e . ,  a r e  impor tan t  o r  
r e l e v a n t .  The second is whether  t h e r e  i s  t r u l y  a d e t e r m i n i s t i c  
r e l a t i o n s h i p - - a  c a u s a l  e f f e c t - - a s  opposed t o  c o r r e l a t i o n  w i t h  an 
u n i d e n t i f i e d  c a u s a l  f a c t o r .  
3.1 Univariate Distributions af Selected Variables. 
The distributions of the principal variables--other than inf lat ion 
pressure and tread depth--which have been added t o  the data collection form 
specifically for the vehicle-handling study are presented i n  Table 5.  The 
to ta l  number of cases is 518 and thus entries of 0.2 and 0.4 indicate 
frequencies of 1 and 2, respectively. 
Table 5 
Distributions of Selected Variables i n  
Percent of Cases 
...................................................................... 
I .  Variables on Wheels and Tires ...................................................................... 
I 
I Tire Position 
Variable I-----------_---_---------------------------  
1 LF I RF I L R  ' I R R  
-------------------------~-----+-------m--+----------+----------+---------- 
Wheel O . E . ?  I 1 I I I I I 
( 1 )  Yes 1 98.5 1 98.3 1 98.1 1 97.7 
( 2 )  No 1 0.4 1 0.4 1 0.6 1 0.6 
( 9 )  Unknown I I 1.2 1 1 I 1.4 1 1.7 
I I I I 
I I I I 
Wheel Damaged? I I I I I I I I 
( 1 )  Yes I 14.9 1 14.1 1 7.7 1 5.4 
( 2 )  NO 1 84.6 1 85.3 1 91.7 f 93.8 
( 9 )  Unknown 1 0.6 1 0.6 1 0.6 1 0.8 
I I I I 
I I I I 
Tire Tread Type I I I I I I I I 
( 1 )  Regular 1 97.1 1 96.7 i 81.5 f 81.7 
I 2.9 1 18.0 1 17.6 ( 2 )  Non-studded Snow 1 2.7  
(9 )  Unknown 
Tire Intended Use 
( 1 )  Passenger Car 
(2 )  L i g h t  Truck 
(9 )  Unknown 
Tire Load Range 
( 2 )  B 
( 3 )  c 
( 4 )  D 
( 5 )  E 
( 9 )  Unknown 
Table  5 (Cont inued)  
....................................................................... 
I 
I T i r e  P o s i t i o n  
V a r i a b l e  I -----------------------------------m---m--- 
I LF ' I RF I LR I R R  
---------------------------+----------+----------+----------+---------- 
I I I I I I 
T i r e  Re t read?  I I I I I I I I 
( 1 )  Yes 1 0.6 1 0.4 1 0.4 1 0.4 
( 2 )  N O  1 98.1 1 97.7 1 97.9 1 97.1 
( 9 )  Unknown I 1.4 1 1.9 I 1.7 1 2.5 
I I I 
I 
I 
I I I 
T i r e  Tube? I I I I I I I 
( 1 )  Yes 1 0.8 1 0.8 1 1 .O 1 1.2 
( 2 )  No 1 96.9 1 96.7 1 96.7 95.6 
( 9 )  Unknown 1 2.3 1 2.5 1 2.3 1 3.3 
I I I 
I 
I 
I I I 
T i r e  Carcass  Type I I I I  
( 1 ) B i a s  P l y  1 19.1 1 20.1 1 19.9 1 19.1 
( 2 )  Bel ted-Bias  P l y  1 2 9 . 3  1 2 8 . 2  1 2 8 . 0  1 2 8 . 2  
( 3 )  R a d i a l  P l y  1 50.0 1 50.2 1 50.2 1 50.2 
( 9 )  Unknown I I 1.6 1 1.5 1 1.9 1 2.5 
I I I 
I 
I 
I I I 
Cupping? I I I I 
( 1 )  Yes 1 2.7 I 2 * 5  I 1.9 I  1.4 
( 2 )  No 1 94.2 1 93.4 1 95.8 1 95.6 
( 9 )  Unknown 1 3.1 1 4 1  1 2.3 1 3.1 
I I I 
I I I I 
I 
P r e s s u r e  Loss  I I I I I I I I 
Suspected? I I  I I 
( 1 )  None 1 79.0 1 80.9 1 90.0 1 90.5 
( 2 )  Pre-Crash I 0.2 1 0.0 1 0.2 1 0.2 
( 3 )  A t  Crash 1 18.1 1 16.2 1 7.7 1 5.6 
( 4 )  P o s t  Crash 1 0.4 1 0.2 1 0.0 1 0.2 
( 5 )  Loss Unknown Time 1 2.3 I 2.5 I 1.9 I  3.1 
( 9 )  Unknown I f  Loss  I  0.0 1 0.2 1 0.2 1 0.4 
I I I I 
I I I I 
T i r e  Damaged? I  I  I I 
( 1 )  Yes 1 8.1 1 7.3 1 3.9 1 2.1 
( 2 )  No 1 89.8 1 90.2 1 95.4 1 96.5 
(9 )  Unknown I 2 .1 1 2.5 1 0.8 1 
I I I I 
1.4 
I I I I 
Damage C o n t r i b u t o r y  I I  I  I 
t o  Accident?  I I I I I I I 
( 1 )  Yes I  0.2 I 0.0 I 0.0 I 0.0 
( 2 )  N O  I 8.3 1 8.3 1 
I I 
I 3.7 1 
I 
1.7 
( 3 )  Not Appl icab le  I I I  
(No Damage) f 89.6 90.3 1 95.2 1 96.5 
( 9 )  Unknown i 1.9 I  1.4 1 1.2 1 1.7 ....................................................................... 
Table  5 (Cont inued)  
.......................................................................... 
11. Vehic le  V a r i a b l e s  .......................................................................... 
V a r i a b l e  P e r c e n t  o f  V e h i c l e s  .......................................................................... 
S t e e r i n g  Wheel O r i g i n a l  Equipment? 
( 1 ) O r i g i n a l  Equipment 
(2) Non-or iginal  Equipment 
( 9 )  Unknown 
Glaz ing  O b s t r u c t i o n s ?  
( 1 )  Glaz ing  O b s t r u c t i o n s  
( 2 )  No G l a z i n g  O b s t r u c t i o n s  
( 9 )  Unknown 
Suspension A l t e r a t i o n s ?  
( 1 ) Suspension A l t e r a t i o n s  
( 2 )  No Suspens ion  A l t e r a t i o n s  
( 9 )  Unknown 
F u e l  Level?  
( 1 )  F u l l  
( 2 )  3/4 
( 3 )  1/2 
( 4 )  1/4 
( 5 )  Empty 
( 9 )  Unknown 
Air Condi t ion ing?  
( 1 ) Air Condi t ion ing  
( 2 )  No Air Condi t ion ing  
( 9 )  Unknown 
Cargo? 
( 1 ) Cargo 
( 2 )  No Cargo 
( 9 )  Unknown 
Tire inf lat ion pressure is one of the most important factors that 
determines t i r e  performance, and i t  is by f a r  the most important such 
variable completely under control of the motorist. I n  t h i s  section t i r e  
pressures of the accident and checklane samples are discussed, and pressure 
comparisons between accident subsets and between the accident and checklane 
samples are presented. 
3.2.1 Accident ComDarisans QQ Environmental Variables. Environmental 
data, collected from the scene of each accident, include several roadway, 
weather, and location variables which potentially could be related to  
vehicle control. Subsets of the accident population, formed by the levels 
of these environmental variables, were tested by the analysis of variance 
technique (ANOVA)  t o  see i f  the mean t i r e  pressures and mean t i r e  pressure 
different ials  in  the above mentioned subsets were significantly different.  
Three pressure difference variables were also computed for  vehicles which 
have neither missing data nor a f l a t  t i r e  i n  any t i r e  position. Front-to- 
rear difference i s  the maximum difference between the two front t i r e s  and 
the two rear t i r e s ,  i . e . ,  the largest  of the absolute values of the 
differences. Side-to-side difference is  the maximum difference i n  the two 
right t i r e s  and two l e f t  t i res .  The third variable, maximum difference, 
represents the maximum pressure d i f fe rent ia l  between any two t i r e s  on the 
car (and is ,  in  effect ,  the maximum of the two previous variables for each 
vehicle). 
Most environmental variables d i d  not produce significantly different 
subsets ( a t  the 0.05 level)  of the accident population when tested on the 
difference variables. Among these non-significant variables were type of 
road surface (asphalt ,  concrete, etc.  ) , horizontal and vert ical  roadway 
alignment, collision configuration, and the descriptive variables ran-off- 
the road (before f i r s t  impact), and case vehicle speed. The mean t i r e  
pressure different ials  of the subsets defined by the levels of these 
variables were not significantly different.  
The "surface slipperyn variable, w i t h  levels yes, no, and unknown, i s  
shown i n  Table 6 for the three difference variables previously described. 
The significance i s  based on the comparison of the means and standard 
d e v i a t i o n s  o f  t h e  s u b s e t s  d e f i n e d  by t h e  y e s  and no r e s p o n s e s ,  The mean 
t i r e  p r e s s u r e  d i f f e r e n t i a l  of  v e h i c l e s  on s l i p p e r y  r o a d s  is s i g n i f i c a n t l y  
h i g h e r  t h a n  t h o s e  on non-s l ippery  r o a d s ,  and t h e  v a r i a n c e  of  t h e  
d i f f e r e n t i a l s  is a l s o  g r e a t e r .  T h i s  seems t o  i n d i c a t e  t h a t  a n  improper 
b a l a n c e  of  t i r e  p r e s s u r e s  is a s s o c i a t e d  w i t h  a c c i d e n t s  i n  which d r i v e r  
c o n t r o l  is  a  problem, a l though  i t  is obv ious ly  no t  c o n c l u s i v e  ev idence  t h a t  
t h e  imbalance was c a u s a t i v e  i n  t h e s e  a c c i d e n t s .  
Table  6 
Mean T i r e  P r e s s u r e  D i f f e r e n c e s  f o r  V a r i a b l e s  i n  t h e  
Accident  P o p u l a t i o n  S u b s e t  on S u r f a c e  S l i p p e r y  
.......................................................................... 
1 S u r f a c e  1 I  I  I S i g  . 
V a r i a b l e  1 S l i p p e r y  1 N 1 Mean 1 S.D. 1 ( F  S t a t i s t i c )  
-----------------+------------+-------+--------+-------+----------------- 
I I I I I 
I I I I I 
Side- t  o-s ide  1 I I I I I I I I 
D i f f e r e n c e  I I I Yes 1 77 1 6.64 1 6.98 
I 
.0095 
I No 1 198 1 4.75 1 4.62 1 
I I I I I 
I I I I I 
Fron t - t  o - rea r  I I I I I I I I I 
D i f f e r e n c e  I Yes 1 7 7  1 6 . 7 8  1 6.91 I ,0067 
I M 0 I I 1 1 9 8  1 4 . 7 7  f 4.79 I 
I I I I I 
I I I I I 
O v e r a l l  I I  I I  I 
Maximum I I I I I I I I I I 
D i f f e r e n c e  I Yes 1 77 1 7 . 0 9  1 7 . 3 6  I  .006 1 
I 
I N O  1 198 1 4 . 9 7  1 4 . 9 2  1 
( V e h i c l e s  w i t h  miss ing  d a t a  on one o r  more t i r e  p r e s s u r e s  o r  w i t h  non- 
load  range B t i r e s  a r e  excluded)  
I n  Tab le  7 t h e  mean maximum p r e s s u r e  imbalance is  compared f o r  v e h i c l e s  
i n  s i n g l e  and two-vehic le  a c c i d e n t s  on s l i p p e r y  and non-s l ippery  roads .  For 
s i n g l e - v e h i c l e  a c c i d e n t s  ( p o s s i b l y  c o n t a i n i n g  a  l a r g e r  p r o p o r t i o n  of 
veh ic le -hand l ing  a c c i d e n t s  t h a n  m u l t i - v e h i c l e  a c c i d e n t s )  t h e  mean imbalance  
on s l i p p e r y  roads  (6.88 p . s . i . 1  i s  h i g h e r  t h a n  t h e  non-s l ippery  roads  (5.83 
p , s , i . ) ,  bu t  no t  s i g n i f i c a n t l y  s o .  However, t h e  mean p r e s s u r e  imbalance f o r  
s i n g l e  v e h i c l e s  on non-s l ippery  roads  (5.83 p . s . i . 1  i s  c o n s i d e r a b l y  h i g h e r  
t h a n  t h a t  f o r  m u l t i - v e h i c l e  a c c i d e n t s  on non-s l ippery  roads  ( 4  - 5 5  p. s. i. ) o r  
f o r  a l l  v e h i c l e s  (Tab le  6 )  on non-s l ippery  roads  (4.97 p . s . i .  ) .  V e h i c l e s  i n  
m u l t i - v e h i c l e  a c c i d e n t s  on s l i p p e r y  r o a d s  have t h e  h i g h e s t  mean p r e s s u r e  
imbalance of any s u b s e t  ( 7  $ 3 3  p s i .  , and t h i s  is s i g n i f i c a n t l y  d i f f e r e n t  
from t h e  non-s l ippery  , mult  i - v e h i c l e  a c c i d e n t  mean (4.55 p. s. i. ) . 
Table  7 
Mean of Maximum P r e s s u r e  D i f f e r e n c e s  f o r  V e h i c l e s  
i n  S i n g l e  and Multi-Vehicle Acc iden t s  on 
S l i p p e r y  and Not-s l ippery  Roads 
---.------------.-----.m-----------------.--m----------- 
I S i n g l e  I I I M u l t i  




Yes 4 6.88 8.00 1 36 7.33 6.68 
I I 
I I 
No 1 65 5.83 5.77 ,436 1 133 4.55 4.42 ,0033 
Many t e s t s ,  u s i n g  t h e  a n a l y s i s  o f  v a r i a n c e  t e c h n i q u e ,  were a l s o  done on 
combinat ions  of p r e s s u r e  d i f f e r e n t i a l s ,  t r e a d  dep th ,  and environmental  
v a r i a b l e s .  Very few o f  t h e s e  produced s i g n i f i c a n t  d i f f e r e n c e s ,  and some of 
t h e s e  were not  s i g n i f i c a n t  i n  a p h y s i c a l  s e n s e ,  such a s  1 o r  2 
p . s . i .  p r e s s u r e  d i f f e r e n t i a l s .  Most of  t h e s e  t a b l e s  a r e  not  i n c l u d e d  i n  t h e  
p r e s e n t  r e p o r t  because  of  t h i s ,  and t h o s e  t a b l e s  which a r e  i n c l u d e d  may o r  
may no t  have o p e r a t i o n a l  meaning. 
To i n v e s t i g a t e  t h e  i n t e r a c t i o n  of t r e a d  d e p t h  w i t h  s l i p p e r y  roads  and 
t i r e  p r e s s u r e  imbalances ,  t h e  minimum t r e a d  dep th  ( i n  groove !I31 o f  t h e  f o u r  
t i r e s  on each v e h i c l e  was determined.  Tab le  8 is h i g h l y  s i g n i f i c a n t  (0.003) 
and i n d i c a t e s  t h a t  v e h i c l e s  on s l i p p e r y  roads  w i t h  a t  l e a s t  one t i r e  w i t h  O- 
2 /32  inch  o r  l e s s  t r e a d  have t h e  h i g h e s t  mean t i r e  p r e s s u r e  imbalances  
(10.13 p . s . i . ) ,  and v e h i c l e s  no t  on s l i p p e r y  r o a d s ,  w i t h  t h e  same minimum 
t r e a d  dep th ,  have t h e  nex t  h i g h e s t  mean p r e s s u r e  imbalance (8.43 p. s. i. ) . 
I f  v e h i c l e s  i n  m u l t i - v e h i c l e  a c c i d e n t s  a r e  removed from Tab le  8 t h e  t a b l e  i s  
no l o n g e r  s i g n i f i c a n t  ( s i g .  = 0.5863),  b u t  i f  s i n g l e - v e h i c l e  a c c i d e n t s  a r e  
removed ( l e a v i n g  on ly  v e h i c l e s  i n  m u l t i - v e h i c l e  a c c i d e n t s )  t h e  t a b l e  remains 
s i g n i f i c a n t  ( s i g .  = 0.007) .  J u s t  a s  i n  Table  7 ,  t h e  mean p r e s s u r e  imbalance 
of  s i n g l e - v e h i c l e ,  acc iden t - invo lved  v e h i c l e s  no t  on s l i p p e r y  roadways is  
h i g h e r  t h a n  m u l t i - v e h i c l e ,  acc iden t - invo lved  v e h i c l e s  and p a r t i a l l y  accoun t s  
f o r  t h e  lack  of s ign i f i cance  f o r  s ing le-vehic le  acc idents  only. 
Table 8 
Means of Maximum Pressure  Differences of Accident 
Vehicles by Tread Depth and Surface Condition 
- - - -- -- - - -  - - .................................................................... 
I I 
I I Maximum Tread Depth 
I I 
I I (groove #3) of 4 t i r e s  
Surface I I I 
I 
I 1 0-2/32 3-5/32 6-8/32 9+/32 
---------------+--------+------------------------------------------ 
I 
I N I 8 19 2 6 12 
Sl ippery  I Mean 1 10.13 7.58 6.96 3 .OO 




I N I 14 4 1 7 3 47 
Not-Slippery I Mean I 8 -43 5.20 5.12 3 .47 
I SD 1 8.51 5.98 4.17 3.45 
I I 
I I 
I sig.=.0030 I I I 
The maximum placard d i f f e r ence  va r i ab l e ,  der ived by tak ing  t h e  minimum 
pressures  i n  t h e  f r o n t  and r e a r ,  sub t r ac t ing  them from t h e  respec t ive  
manufacturers recommended pressures  ( a t  maximum l o a d ) ,  and then tak ing  t h e  
l a r g e r  of the  two d i f f e rences  f o r  each veh ic l e ,  is shown i n  Table 9 .  Again, 
vehic les  having acc iden t s  on s l i p p e r y  roads had s i g n i f i c a n t l y  higher  ( s i g . =  
0.0089) mean t i r e  pressure  devia t ions  from recommended pressure.  
Table 9 
Mean of Maximum Placard Differences by Surface Condition 
.................................................................... 
I 
I I  N Mean SD S ig  . 
--------------+---------+------------------------*------------------ 
Surface I Yes I 60 6.15 6.14 ,0089 
Sl ippery I I I 
I  No 1 162 
Another t i r e  pressure  d i f f e r ence ,  t h e  mean d i f fe rence  between t h e  f r o n t  
and r e a r  t i r e s ,  was a l s o  derived. This  d i f f e r ence  is, of course,  highly 
corre la ted with other t i r e  pressure d i f f e r en t i a l s ,  b u t  i t  was found not t o  
be s ign i f i can t ly  d i f fe ren t  on l eve l s  of the environmental variables 
previously discussed. 
3.2.2 Poaulation Subsets. I n  Table 10 subsets  of the 
accident population, a s  defined by co l l i s i on  configuration, a r e  compared on 
the  three pressure imbalance variables.  None of the comparisons is 
s t a t i s t i c a l l y  s ign i f i can t .  However, s ingle  vehicles have a higher mean 
pressure imbalance than a l l  multi-vehicle, accident-involved vehicles and 
vehicles i n  intersection-type,  two-vehicle accidents. Non-intersection, 
two-vehicle accident vehicles (head-on, sideswipe, front-to-rear,  etc.  ) , on 
the other hand, have higher mean imbalances than do single-vehicle 
accidents. 
Table 10 
Comparison of Accident Subsets on Mean Pressure Differences 
--------------------------------------------a---------------m----w-----m---- 
Var. Sngl Multi Sig,  ! Sngl I n t .  Sig. 1 Sngl Non-Int Sig.  1 I n t .  Non-Int. Sig. 
--------+---------------+--------------+-----------------+--------------m--- 
I I I I 
I I 
Max. S-SI I I I I I I 
Diff .  1 I I I I I I 
N 1 113 179 .4481 113 131 ,2861 114 48 ,8801 131 48 .324 
Mean 15.70 5.18 15.70 4.94 15.70 5.85 14.94 5.85 
S.D. 15.90 5.48 15.90 5.23 15.90 6.15 15.22 6.15 
I I I I 
I I I 
Max. F-R 1 I I I I I I 
Diff .  1 I I I I I I 
N 1 113 179 .3951 113 131 ,2681 113 48 .9831 131 48 ,375 
Mean 15.77 5.18 15.77 4.95 15.77 5.79 14.95 5.79 
S.D. 16.07 5.58 16.07 5.40 16.07 6.07 15.40 6.07 
I I I I 
I I I 
Max. I I I I I I I I 
Diff. 1 I I I I I I 
N 1 113 179 ,4301 113 131 ,2911 113 48 .9381 131 48 ,365 
Mean 16.00 5.44 16.00 5.20 16.00 6.08 15.20 6.08 
S.D. 16.20 5.78 16.21 5.62 16.21 6.19 15.62 6.19 
The manufacturers ' recommended t i r e  pressures ( a t  maximum load) minus 
the  actual  t i r e  pressures are shown by t i r e  posit ion f o r  the  accident 
population subsets i n  Table 1 1 .  Negative mean values are  the resu l t  of 
average t i r e  pressures higher than those recommended. However, there is  no 
s ign i f i can t  difference between the  subsets;  mean f ront  pressure differences 
a r e  a l l  near zero (except the intersection-type,  r ight-front  t i r e  c e l l ) ,  
whereas mean rea r  pressure differences a r e  a l l  2-3 p . s . i .  below recommended 
pressure. This is probably a resu l t  of the f a c t  t ha t ,  f o r  maximum loading, 
r e a r  recommended pressures a re  generally higher than f ron t  recommended 
pressures. 
Table 11 
Manufacturers' Recommended PSI 
( a t  Maximum Loading) Minus Actual PSI by 
Tire  Posit ion fo r  Accident Population Subsets 
--------------------------------------------------------------..---------- 
I I I Non- I I I I I . Non- 
Tire  1 Sing Multi Sig. 1 Sing I n t  Sig. 1 Sing I n t  Sig. 1 I n t  I n t  Sig. 
-----+--0 ..------------+-----..---------+----------------+--------------.- 
I I I 
I 1 I I 
I 
LF [ I I I I I I 
N 1 120 171 .66 1 120 123 .59 1 120 48 .98 1 123 48 .61 
Mean 1 - . I2  .20 I ( - . I 2  .32 1 - . I 2  -.08 1 .32 -.08 
S.D. ) 7.94 4.61 1 7.94 4.23 1 7.94 5.50 1 4.23 5.50 
I I I I 
I I I I 
RF 1 I I I I I I 
N 1 133 176 , 2 0 1  133 1 3 2 . 1 7 ;  133 4 4 . 7 3 1  132 4 4 . 4 9  
Mean 1 -.04 .85 1 -.04 1.02 1 -.04 .34 1 1.02 .34 
S.D. 1 6.67 5.53 1 6.67 5.83 1 6.67 4.53 
I I I 
1 5.83 4.53 
I 
I I I I 
LR 1 I I I I I I 
N 1 157 187 .52 1 157 133 .35 f 157 54 -85 1 133 54 .34 
Mean 1 2.95 2.49 f 2.95 2.22 1 2 . 9 5  3.15 1 2.22 3.15 
S.D. 1 7.14 6.02 1 7.14 6.06 i 7.14 5 .93 1 6.06 5.93 
I I I I 
I I I I 
RR 1 I I I I I I 
N 1 151 188 .57 1 151 137 .49 1 151 51 .97 1 137 51 .63 
Mean 1 2.73 2.33 1 2.73 2.20 1 2 .73 2.69 1 2.20 2.69 
S.D. 1 6.54 6.23 1 6.54 6.48 1 6.54 5.54 i 6.48 5.54 
The comparisons involving i n f l a t i on  pressure differences have s t ressed 
differences of ac tual  i n f l a t i on  pressures measured i n  the f i e l d .  While the 
various observed pressure differences have been contrasted by par t i t ioning 
the accident data,  l i t t l e  has been done t o  compare observed pressures w i t h  
manufacturers1 recommended pressure. 
Such comparisons a r e  a p p r o p r i a t e  and indeed cou ld  be h i g h l y  v a l u a b l e ,  
bu t  have been s e v e r e l y  l i m i t e d  by l a c k  of  d a t a .  Recommended p r e s s u r e s  a r e  
g i v e n  on a p l a c a r d  on a l l  c a r s  i n  accordance w i t h  S4.3 o f  FMVSS 110. Most 
manufac tu re r s  have e l e c t e d  t o  l is t  t h e  recommended i n f l a t i o n  p r e s s u r e s  f o r  
a n  "average" o r  "normaln l o a d  i n  a d d i t i o n  t o  t h a t  r e q u i r e d  f o r  t h e  maximum 
l o a d ,  and t h e  d a t a  c o l l e c t i o n  p r o t o c o l  i n c l u d e s  r e c o r d i n g  t h e  p l a c a r d  d a t a .  
The p l a c a r d  i s  u s u a l l y  a f f i x e d  t o  t h e  i n s i d e  of t h e  glove-box door ,  t h e  
r e a r  edge of a f r o n t  door ,  o r  t o  a B - p i l l a r .  U n f o r t u n a t e l y ,  t h e s e  l o c a t i o n s  
a r e  f r e q u e n t l y  i n a c c e s s i b l e  t o  t h e  i n v e s t i g a t o r  because t h e  glove-box o r  c a r  
i s  locked ,  o r  because  doors  a r e  jammed c l o s e d .  Consequent ly ,  t h e  d e s i r e d  
d a t a  a r e  miss ing  on abou t  70 p e r c e n t  of t h e  c a s e s .  
Using p u b l i s h e d  d a t a ,  we have been a b l e  t o  o b t a i n  t h e  recommended 
p r e s s u r e  f o r  maximum l o a d  c o n d i t i o n s  f o r  most v e h i c l e s  and reduce  t h e  
miss ing  d a t a  t o  a b o u t  25 p e r c e n t .  We have not  found a r e f e r e n c e  s o u r c e  f o r  
recommended i n f l a t i o n  p r e s s u r e s  f o r  "average" o r  "normal" l o a d s .  T h i s  i s  
u n f o r t u n a t e ,  a s  most c a r s  invo lved  i n  a c c i d e n t s  (and probably  i n  normal u s e )  
a r e  l i g h t l y  loaded.  S i n c e  t h e  recommended p r e s s u r e s ,  and i n  p a r t i c u l a r  t h e  
f r o n t - t o - r e a r  d i f f e r e n t i a l  t h a t  r e s u l t s  from recommended p r a c t i c e ,  can  vary  
s u b s t a n t i a l l y  between average  and maximum l o a d  c o n d i t i o n s ,  u s e  of t h e  
maximum-load recommendations can l e a d  t o  i n a p p r o p r i a t e  i n f e r e n c e s .  
Another method of  p a r t i t i o n i n g  t h e  a c c i d e n t  p o p u l a t i o n ,  u s i n g  t h e  
weight  of  t h e  v e h i c l e ,  a l s o  produced s i g n i f i c a n t  r e s u l t s .  Tab le  12 shows 
t h e  mean maximum p r e s s u r e  d i f f e r e n c e s  f o r  1000-pound weight  g roup ings  of  t h e  
a c c i d e n t  v e h i c l e s .  The mean p r e s s u r e  d i f f e r e n c e s  d e c r e a s e  a s  t h e  weight  of 
t h e  c a r  i n c r e a s e s .  The weight  of t h e  c a r  i s  c o r r e l a t e d  w i t h  t h e  s i z e ,  o f  
c o u r s e ,  and comparisons of  t h e  a c c i d e n t  and c o n t r o l  p o p u l a t i o n s  by s i z e  is  
made i n  t h e  next  s e c t i o n .  
3 .2 .3 .  Accident ys, Checklane. F i g u r e  1 shows t h e  d i s t r i b u t i o n s  of  
a l l  t i r e s  w i t h  v a l i d  p r e s s u r e s  f o r  t h e  a c c i d e n t  and c o n t r o l  p o p u l a t i o n s .  
The d i s t r i b u t i o n s  a r e  not  s i g n i f i c a n t l y  d i f f e r e n t ,  bu t  t h e  a c c i d e n t  
d i s t r i b u t i o n  is  somewhat " f l a t t e r "  t h a n  t h e  c o n t r o l  d i s t r i b u t i o n .  
Comparison of t h e  a c c i d e n t  p o p u l a t i o n  and t h e  c o n t r o l  p o p u l a t i o n  on 
a c t u a l  t i r e  p r e s s u r e ,  by t i r e  p o s i t i o n ,  is shown i n  Table 13. Only t h e  
r i g h t - r e a r  t i r e  p r e s s u r e  mean is  s i g n i f i c a n t l y  d i f f e r e n t  between t h e  two 
Table  12 
Mean Maximum P r e s s u r e  D i f f e r e n c e s  f o r  
Accident  V e h i c l e s  by Weight 
-----------------------------------------------.-------------------------- 
Weight N Mean S  .D.  S i g .  --------------------------------------------------------------------.----- 
1501-2000 l b s .  4 5 7.07 6 .13  0.0317 
250 1-3500 9 0 5.99 6 $92 
350 1-4500 9 9 4.56 3 *93 
450 1-5500 2 4 4.04 3.25 .......................................................................... 
Table  13 
Accident and Checklane T i r e  P r e s s u r e s  . 
by T i r e  P o s i t i o n  
I Accident  I I I C o n t r o l  1 ( F - s t a t .  ) 
T i r e  P o s i t i o n  ;---------------------+---------------------+----------- 
I N Mean S.D. I N Mean S.D. I S i g .  
--------------+---------------------+---------------------+----------- 
I I I 
I I 
R F  / 404 25.84 6.52 1 1362 25.89 4.19 1 ,8568 
I I I 
I I I 
LR 1 446 25.55 6.01 1 1312 25.38 4.72 1 ,5382 
I I I 
I I I 
R R 1 446 25.67 6.52 1 1305 25.08 4.95 1 .0466 
I I I 
I I I 
A l l  T i r e s  1 1688 25.74 6.27 1 5324 25.54 4.65 1 . I694 
p o p u l a t i o n s ,  and t h e  a c t u a l  mean d i f f e r e n c e  i s  l e s s  than  0.6 p . s . i .  T h i s  
f i n d i n g  d i f f e r s  d r a s t i c a l l y  from t h e  f i n d i n g  i n  t h e  f i r s t  i n t e r i m  r e p o r t  
where t h e  e a r l i e r  c o n t r o l  p o p u l a t i o n  had p r e s s u r e  means about  3 
p . s . i .  h i g h e r  i n  each t i r e  p o s i t i o n .  We had p o s t u l a t e d  t h a t  t h e  p r e s s u r e s  
i n  t h e  f i r s t  c o n t r o l  p o p u l a t i o n  were h i g h e r  due t o  t h e  c o n d i t i o n s  under 
which t h e  p r e s s u r e s  were measured, ho t  vs.  c o l d .  The new c o n t r o l  
p o p u l a t i o n ,  however, was measured i n  t h e  same manner as t h e  o l d  and t h e  
d i f f e r e n c e  between t h e  a c c i d e n t  and c o n t r o l  p o p u l a t i o n s  was s t i l l  expec ted  
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but t h i s  is  not the  most l i ke ly  explanation. The difference i n  t i r e  
pressure gauges is the more l i ke ly  explanation s ince  the gauges used i n  the  
f i r s t  checklane were not ca l ibra ted,  while the gauges used by the HSRI 
invest igators  i n  the  second checklane were cal ibra ted and known t o  be 
accurate. 
Despite the s im i l a r i t y  of ac tual  pressures i n  the two populations, the 
difference of t i r e  pressures on wheels of the same vehicles is believed t o  
be the  best  measure of t i r e  pressure deviat ion,  and we have continued t o  use 
the difference var iables  here. Table 14  shows the comparison of the 
accident and control  populations on the  pressure imbalance variables fo r  
1972-1977 vehicles. A l l  three  var iables  a re  s ign i f i can t ly  d i f fe ren t  between 
the two populations, and the  accident-involved vehicles have higher pressure 
differences than the  control  population f o r  each variable. 
Table 1 4  
Mean Pressure Differences for  1972-1977 
Accident and Checklane Vehicles 
...................................................................... 
















S .D .  
S u b s e t s  of t h e  a c c i d e n t  p o p u l a t i o n  a r e  compared t o  t h e  c o n t r o l  
p o p u l a t i o n  f o r  1972-1977 v e h i c l e s  i n  Tab le  15. Only t h e  s i n g l e - v e h i c l e  
s u b s e t  is s i g n i f i c a n t l y  d i f f e r e n t  from t h e  c o n t r o l  p o p u l a t i o n  a t  t h e  0.02 
l e v e l .  However, t h e  n o n - i n t e r s e c t i o n  s u b s e t  is s i g n i f i c a n t l y  d i f f e r e n t  from 
t h e  c o n t r o l  p o p u l a t i o n  a t  t h e  0.05 l e v e l  f o r  maximum s i d e - t o - s i d e  p r e s s u r e  
imbalances .  A comparison of t h e  two p o p u l a t i o n s  by model y e a r  ( f o r  t h e  
model y e a r s  f o r  which bo th  have d a t a )  is  shown i n  Tab le  16 on t h e  same t h r e e  
v a r i a b l e s .  Except  f o r  t h e  1976 model y e a r ,  t h e  a c c i d e n t  p o p u l a t i o n  means 
a r e  h i g h e r  f o r  each  of  t h e  model y e a r s .  Comparisons of t h e  p o p u l a t i o n s  w i t h  
t h e  5  model y e a r s  pooled a r e  a l l  s i g n i f i c a n t  a t  t h e  0.02 l e v e l .  
Tab le  15 
Comparison of Accident  S u b s e t s  w i t h  t h e  C o n t r o l  P o p u l a t i o n  
(Model Years 1972- 1977) on Mean T i r e  P r e s s u r e  D i f f e r e n c e s  
------------.--------.------------------------------------------------------ 














Comparisons o f  t h e  t i r e  p r e s s u r e  imbalances  f o r  t h e  check lane  
p o p u l a t i o n  a r e  p r e s e n t e d  i n  Tab le  17 and t h e  same comparisons a r e  p r e s e n t e d  
i n  Table  18 f o r  t h e  a c c i d e n t  popu la t ion .  P r e s s u r e  imbalances  a r e  
s i g n i f i c a n t l y  d i f f e r e n t  by body t y p e  f o r  both  d a t a  s e t s ,  and subcompacts and 
t r u c k  ( p i c k u p s ,  vans ,  u t i l i t y  v e h i c l e s )  imbalances  a r e  h i g h e r  i n  both  s e t s .  
A c e l l - t o - c e l l  comparison of t h e  two t a b l e s  showed no s i g n i f i c a n t  d i f f e r e n c e  
between t h e  two p o p u l a t i o n s .  
Table 16 
Accident and Control Populations by 
Mean Tire Pressure Differences by Model Year 
............................................................................ 
I S i d e D i f f .  I F t o  R Diff .  1 Max.Di.fr. 
1------------------+---------------------+-----------.-.---- 
1 Acc. Check 1 Acc. Check Acc. Check 
-----------------+------------------+--------------------+------------------ 
1972 N 1 53 154 1 53 154 1 53 154 
Mean 1 6.08 4.90 1 5.91 4.96 1 6.45 5.23 




I I I 
1973 N 1 58 177 1 58 177 1 5 8  177 
Mean 1 5.83 4.68 1 5.78 4.69 1 6.02 4.85 
S.D. 1 6.16 3.96 f 5.97 4.05 1 6.18 4.07 
I I I 
I I I 
1974 N 1 72 164 1 72  164 1 72  164 
Mean 1 5.97 4.82 1 6.21 4.88 1 6.38 5.11 
S.D. 1 5.73 4.33 1 6.20 4.54 1 6.22 4.62 
I I I 
I I I 
1975 N 1 60 12 1 1 60  121 1 60 12 1 
Mean 1 5.67 4.65 1 5.70 4.71 f 5.83 4.92 
S.D. 1 6.67 4.53 1 6.55 4.63 1 6 . 7 1  
I I I 
4.73 
I I I 
1976 N 1 46 9 2  46 92 1 46 9 2 
Mean 1 3.00 3.66 1 3.00 3.76 1 3.17 3.88 
S.D. 1 2.72 3.31 1 2.75 3.44 1 2.76 3.57 ............................................................................ 
Another s e r i e s  of t e s t s  was performed on the d i s t r ibu t ions  of the 
difference D formed by subtracting the  average of the rea r  t i r e  pressures 
from the  average of the f ron t  t i r e  pressures f o r  each passenger car  i n  the  
checklane and accident samples.' The difference D ranged from -14.5 
p . s . i .  to  +15.5 p . s . i .  f o r  622 checklane vehicles,  w i t h  a mean of +0.55 
p . s , i .  and a standard deviation of 3.1 p . s . i .  Comparative f igures  f o r  the 
255 accident-vehicles are:  range, -12.5 p . s . i .  to  +18.5 p .s . i , ;  mean, +0.14 
p . s . i . ;  and standard deviat ion,  4.0 2 . s . i .  L i t t l e  operational meaning 
would be attached t o  a s t a t i s t i c a l l y  s ign i f i can t  difference between the  mean 
of the D measures f o r  the two s m p l e s  even i f  such existed.  The fac t  i s ,  
however, t ha t  the two means do not d i f f e r  i n  a s t a t i s t i c a l  sense, and the  
1 Vehicles i n  the  accident sample were excluded i f  any of the four t i r e s  
was suspected of having l o s t  pressure during the  accident sequence. 
Table  17 
Mean T i r e  P r e s s u r e  D i f f e r e n c e s  by Model f o r  72-77 
V e h i c l e s  i n  t h e  C o n t r o l  P o p u l a t i o n  
------------.---------------.--------------------------------------------- 
Side-to-Side Front-to-Rear Maximum 
D i f f e r e n c e  D i f f e r e n c e  D i f f e r e n c e  




I n t e r m e d i a t e  
N 195 
Mean 4.92 






N 7 4 






S i g  . 0.0020 0.0004 0.0006 
d i f f e r e n c e  i n  means of 0 4 p. s . i .  is of no o p e r a t i o n a l  consequence.  We 
n o t e ,  however, t h a t  t h e  p o s i t i v e  means of  t h e  D measures r e q u i r e  t h a t ,  on 
t h e  average ,  t h e  f r o n t  t i r e s  have h i g h e r  p r e s s u r e s  t h a n  t h e  r e a r  t i r e s  f o r  
bo th  p o p u l a t i o n s .  
1 
The two D d i s t r i b u t i o n s  were a l s o  compared u s i n g  F l o r a ' s  RIDITS on 
grouped d a t a  a s  shown i n  Tab le  1 9 ,  and a l s o  u s i n g  t h e  Mann-Whitney U- 
J.D. F l o r a ,  Jr .  "RIDITS: A New Look a t  an  Old Technique f o r  t h e  
Ana lys i s  of Accident  I n j u r y  D a t a , "  LBB REPORTS, Vol. 5 ,  NO. 3 ,  Highway 
S a f e t y  Research I n s t i t u t e ,  The U n i v e r s i t y  of Michigan,  November, 1974. 
Table  18 
Mean T i r e  P r e s s u r e  D i f f e r e n c e s  by Model f o r  
1972-1977 Accident  V e h i c l e s  
S ide - t  o-Side Front-to-Rear Maximum 
D i f f e r e n c e  D i f f e r e n c e  D i f f e r e n c e  .......................................................................... 




I n t e r m e d i a t e  
N 6 0 
Mean 4.40 













S i g .  0.0094 0.0269 0 .O 163 .......................................................................... 
s t a t i s t i c  and t h e  median t e s t  s t a t i s t i c  on t h e  i n d i v i d u a l  measurements. A l l  
t h r e e  a n a l y s e s  i n d i c a t e  t h a t  t h e  two d i s t r i b u t i o n s  d i f f e r  from each  o t h e r  i n  
a s t a t i s t i c a l l y  s i g n i f i c a n t  s e n s e .  The d i f f e r e n c e  is such t h a t  t h e  
check lane  D d i s t r i b u t i o n  i s  "more p o ~ i t i v e ' ~  t h a n  t h e  a c c i d e n t  D 
d i s t r i b u t i o n .  I n  o t h e r  words,  t h e  check lane  D d i s t r i b u t i o n  is  somewhat t o  
t h e  r i g h t  of t h e  a c c i d e n t  D i n  a manner ana logous  t o  t h e  mean of t h e  
check lane  D (+0.55 p . s . i . )  be ing  more p o s i t i v e  and t o  t h e  r i g h t  of  t h e  mean 
of t h e  a c c i d e n t  D (+0.14 p . s .  i. ) . I n  terms o f  t i r e  p r e s s u r e s ,  i t  can be 
i n f e r r e d  t h a t  t h e  t r e n d  t o  hav ing  h i g h e r  f r o n t  p r e s s u r e s  t h a n  r e a r  p r e s s u r e s  
is s t r o n g e r  i n  t h e  check lane  sample t h a n  i n  t h e  a c c i d e n t  sample.  
Table 19 
D i s t r i b u t i o n s  of Front Average PSI Minus 
Rear Average PSI ( D )  f o r  Accident and Checklane 
Samples of Passenger Cars 
- - -  .......................................................................... 
I I 
I I Checklane 1 Accident 
I I P ressure  Difference I-----------------+----------------- 
I I n t e r v a l  ( Inc lus ive )  1 N % I N  % 
---------+-------------------+-----------------+----------------- 
I I I 
I I I 
I 
I -15 -12 1 2 0 .3 1 1 0 , 4  
I 
I -11.5 - 8.5 I 5 0.8 1 4 1.6 
I 
I - 8 - 5  1 1 2  1 .g 1 10 3 0 9  
R>F I - 4.5 - 3.5 1 28 4.5 1 22 8 .6  
I 
I - 3 - 2 1 56 9.0 1 29 11 .4  
I 




I I I 
I 




I I I 
I 
I 1 1 .5  1 78 12.5 1 31 12.2 
I 
I 2 3 81 13.0 1 20 7 ell 
I 
I 3 95 4.5 1 41 6.6 1 13 5.1 
F>R I 5 8 1 44 7.1 1 16 
I I 
6 ,3  
I 8.5 11.5 I 6 1.0 1 4 1.6 
I 
I 12 15 ,  2 I 0 .3  1 3 1.2 
I 
I 1 5 -5  18.5 1 1 0.2 1 2 0.8 
/----------------------------+-----------------+----------------- 
I I I 
I I I 
To t a l  1 1 622 100.0 1 255 100.0 .......................................................................... 
RIDITS Tes t :  Odds Ratio=1.25, Sig.  Level=O .008 
However, t h e  s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r ence  t h a t  has been 
observed may have a r i s e n  from t h e  numerous observat ions i n  t h e  c e n t r a l  p a r t  
of t h e  D d i s t r i b u t i o n s  wherein t h e  smal l  p ressure  differenceso-2 o r  3 
p.s.i.--have l i t t l e  meaning i n  a veh ic l e  dynamics context .  Therefore t h e  
t a i l s  of t he  two D d i s t r i b u t i o n s  were compared i n  a s e r i e s  of 2 x 2 Chi- 
square t e s t s  a s  shown i n  Table 20. I t  can be seen t h a t  only the  t e s t  of t he  
negat ive t a i l  of t he  acc ident  D versus  t h a t  of t he  checklane D--with the  
1 negat ive t a i l  def ined by D<-3.5 --showed s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r ences  between t h e  acc ident  and checklane samples a t  t he  5 percent 
1 
Rear t i r e  pressure  g r e a t e r  than  f r o n t  t i r e  pressure  by a t  l e a s t  3.5 
p . s . i .  
l e v e l .  Both t h e  p o s i t i v e  and n e g a t i v e  t a i l s  o f  more t h a n  5 p . s . i ,  a b s o l u t e  
d i f f e r e n c e  a r e  s i g n i f i c a n t  a t  t h e  10 p e r c e n t  l e v e l .  A l l  o f  t h e s e  
o b s e r v a t i o n s  s u p p o r t  t h e  i n f e r e n c e  t h a t  t h e  two D d i s t r i b u t i o n s ,  a l though  
d i f f e r e n t ,  d i f f e r  mainly i n  t h e i r  c e n t r a l  r e g i o n s .  
Tab le  20 
Comparisons o f  t h e  T a i l s  o f  t h e  D i s t r i b u t i o n s  of  D 
- -- ------------------------------------.-----------------------------------.--- 
1 T e s t s  of P o s i t i v e  T a i l s  1 T e s t s  of Negat ive  T a i l s  
;--.-----------------------.---+-------------------------------- 
D=F-R 1 T a i l  I I T a i l  I Tail I Tail I I 
;-.-------------+---------------+----------.------+-------------- 
1 <5 1 25 1 <3.5 1 3 . 5  I > - 3 . 5 1  1-3.5 1 > - 5 1  1 - 5  
-----------+------+--------+------+--------+-------+---------+-----+-------- 
I 1 I I I 
I 
I 
I I I 
I I 
I I I I 




1 (1 .4%)  1 
I I I I 1 I 
1 (8 .5%) 1 1 (7 .6%)  1 1 (3 .1%) 
I I I I I 1 I I 
I 
Accident  1 246 1 9 1 230 1 25 1 218 1 37 f 240 1 15 
I 
I 1 (3 .5%) f 1 (9 .8%) f 1 (14.5%) 1 1 (5 .9%) --------------------------------------------------------------.------------- 
I I I 
I 
I 
I I I 
Chi-square ! 2 - 9  1 0.23 I 14.5 1 3.16 
S i g .  Level  1 0.087 1 0.63 I 0.002 1 0.076 
I I I 
I I I I 
I 
Other  v a r i a b l e s ,  i n  p a r t i c u l a r  environmental  v a r i a b l e s  a v a i l a b l e  i n  t h e  
a c c i d e n t  f i l e  o n l y ,  were t e s t e d  u s i n g  t h e  ANOVA t e s t  w i t h  t h e  r e a r  minus t h e  
f r o n t  mean PSI a s  t h e  dependent v a r i a b l e .  None of t h e  comparisons produced 
s i g n i f i c a n t  r e s u l t s ,  and t h e  means of  t h e  s u b s e t s  formed by t h e s e  
env i ronmenta l  v a r i a b l e s  were q u i t e  s i m i l a r .  V a r i a b l e s  t e s t e d  i n c l u d e d  
s u r f a c e  s l i p p e r y ,  v e h i c l e - t o - v e h i c l e  c o n f i g u r a t i o n ,  road a l ignment ,  ran-off -  
the-roadway b e f o r e  first impact ,  and t h e  d e r i v e d  v a r i a b l e  wet /dry .  
Mixing t i r e s  of d i f fe ren t  types of carcass construct ion ( regular  bias,  
belted bias ,  and r ad i a l  p ly)  can subs tan t ia l ly  a f f ec t  the handling 
charac te r i s t i c s  of vehicles. I n  general ,  the d i f fe ren t  types of 
construction provide d i f fe ren t  cornering s t i f fnesses ,  and a l t e r i ng  the  
r e l a t i ve  f r o n t h e a r  cornering s t i f f n e s s  changes the understeer 
charac te r i s t i c s .  T h i s  can be most pronounced i f  r ad ia l s  are  mixed w i t h  non- 
radia ls .  
The checklane data collected i n  1976 contain 22 vehicles w i t h  mixed 
carcass types among 138 1 vehicles w i t h  no missing data on construction, or  
1.6  percent. The 513 vehicles i n  the accident sample include 49 w i t h  mixed 
carcass types o r  9.6 percent. The difference is s t a t i s  t i c a l l y  s ign i f i can t  
2 
a t  less than the  0.0001 percent l eve l ,  w i t h  X =63 and d . f . = l .  
The accident data  col lec t ion period includes winter months so a  number 
of cars  equipped w i t h  snow t i r e s  were investigated.  Since the checklane 
data were collected i n  l a t e  summer, the  g rea te r  mix of carcass constructions 
found i n  the  accident sample could have resulted par t ly  from the  use of snow 
t i r e s .  I f  the vehicles i n  the accident sample w i t h  carcass mixes and snow 
t i r e s  ( w i t h  snow t i r e s  and regular  tread of d i f fe ren t  carcass types) a r e  
removed from the  mixed category and t rea ted a s  not-mixed, the frequency of 
mixes i n  the  accident sample becomes 5.3 percent. While 45 percent of the 
mixes i n  the  accident sample are  eliminated by t h i s  procedure ( f o r  purposes 
of a  comparison w i t h  the summer checklane da t a ) ,  the frequency is  s t i l l  
s ign i f i can t ly  g rea te r  than i n  the checklane sample a t  l e s s  than the 0.0001 
Z l eve l  w i t h  X =18.6 and d.f .=2,  
The above cases of mixing types of carcass construction include a l l  
combinations of regular  bias,  belted-bias, and r ad i a l .  Mixing rad ia l s  w i t h  
non-radials is frequently noted a s  a  pa r t i cu la r ly  dangerous practice.  There 
a re  14 such samples i n  the checklane data,  or  1 .01  percent of the vehicles. 
The accident sample contains 5  vehicles w i t h  r ad ia l s  mixed w i t h  non-radials, 
or 0.97 percent--nearly iden t ica l  to  the proportion i n  the checklane sample. 
Bernard, James E .  e t  a l .  , llVehicle-In-Use L i m i t  Perfornance and Ti-e 
Factors ,"  Technical Report UM-HSRI-PF-75-1-2, Contract DOT-HS-031-3-693, 
Highway Safety Research I n s t i t u t e ,  The University of Michigan, Jan. 3 1 ,  
1975. 
While t h e  mixing of r a d i a l s  w i t h  non- rad ia l s  is t h e  same i n  both  
samples ,  t h e r e  is  s u b s t a n t i a l l y  more mixing of b i a s  and b e l t e d - b i a s  t i r e s  i n  
t h e  a c c i d e n t  sample a s  noted above. T h i s  a p p a r e n t  over involvement  o f  mixed 
b i a s  and b e l t e d - b i a s  t i r e s  i s  o f  i n t e r e s t .  When t h e  v e h i c l e s  i n  t h e  
a c c i d e n t  sample a r e  p a r t i t i o n e d  i n t o  t h o s e  i n  s i n g l e - v e h i c l e  c r a s h e s  and 
t h o s e  i n  m u l t i - v e h i c l e  c r a s h e s ,  49.0 p e r c e n t  of t h o s e  i n  s i n g l e - v e h i c l e s  a r e  
found t o  have mixed c a r c a s s  t y p e s ,  compared w i t h  47.5 p e r c e n t  f o r  t h o s e  i n  
m u l t i - v e h i c l e  c r a s h e s .  The d i f f e r e n c e  is  no t  s i g n i f i c a n t .  
A comparison of c a r c a s s  mixing w i t h  a t r i cho tomous  v a r i a b l e  f o r  road 
s u r f a c e  c o n d i t i o n  is shown i n  Tab le  21.  h h i l e  a g r e a t e r  p r o p o r t i o n  of  t h e  
v e h i c l e s  w i t h  mixes were invo lved  on roads  which were e i t h e r  wet o r  covered 
2 
w i t h  i c e  o r  snow, t h e  d i f f e r e n c e s  a r e  no t  s t a t i s t i c a l l y  s i g n i f i c a n t  (X =3.1 ,  
d. f .  = 2 )  . When mixes which may have r e s u l t e d  from t h e  u s e  of  snow t i r e s  a r e  
d i s c o u n t e d ,  t h e  r e s u l t s  shown i n  Table  22 a r e  o b t a i n e d .  
Tab le  21 
Mixing o f  C a r c a s s  Types 
by Road S u r f a c e  Condi t ion  
........................................................................... 
I 
I Ca rcass  Types 
;------------------------------------------------- 
S u r f  ace  I Mixed I I I Non-Mixed 
I I I 
Dry f 24 49.0 1 286 61.8 
I I 
I I 
I Wet/Water Covered I 14 28.6 I 103 22.2 
I I 
I I 
Ice/Snow I I 11 22.4 1 7 4 16 .O 
While t h e  p r o p o r t i o n s  a r e  s l i g h t l y  d i f f e r e n t  w i t h  mixes from t h e  u s e  of 
2 
snow t i r e s  d i s c o u n t e d ,  t h e  d i f f e r e n c e s  a r e  s t i l l  no t  s i g n i f i c a n t  (X = 2 . 2 ,  
d . f . = 2 ) .  
I n  no c a s e  d i d  a n  acc iden t - invo lved  c a r  equipped w i t h  snow t i r e s  have a 
mix of  r a d i a l s  w i t h  n o n - r a d i a l s .  E i t h e r  t h e  p u b l i c  o r  d e a l e r s  ( o r  b o t h )  a r e  
a p p a r e n t l y  f o l l o w i n g  t h e  p r e c a u t i o n  of n o t  mixing r a d i a l s  and n o n - r a d i a l s  
Table  22 
Mixing o f  C a r c a s s  Types 
by Road S u r f a c e  Condi t ions  
D i s c o u n t i n g  Mixes P o s s i b l y  R e s u l t i n g  
from t h e  u s e  of Snow T i r e s  
C a r c a s s  Type 
I------------------------------------------------- 
S u r f  a c e  I Mixed I I I Non-Mixe d 
Wet/Water Covered I 9  
when i n s t a l l i n g  snow t i r e s .  
A v a r i a b l e  l a b e l e d  " d r i v e r  impairmentn d e n o t e s  involvement o f  a l c o h o l  
i f  i t  has  been d e t e c t e d  by o f f i c e r s  a t  t h e  s c e n e  o r  by t h e  a c c i d e n t  
i n v e s t i g a t o r s .  While o t h e r  c o n d i t i o n s  such a s  f a t i g u e  o r  s l e e p  a r e  a l s o  
no ted  when known, a l c o h o l  is  t h e  most f r e q u e n t  impairment. The d r i v e r  
impairment v a r i a b l e  i s  a double  response  v a r i a b l e ,  s o  t h e  t o t a l  number of 
r e s p o n s e s  is double  t h e  number of d r i v e r s .  These responses  a l s o  i n c l u d e  "no 
impairment."  Among t h e  d r i v e r s  o f  v e h i c l e s  w i t h  mixed c a r c a s s  t y p e s ,  21.6 
p e r c e n t  o f  t h e  r e s p o n s e s  i n d i c a t e d  a l c o h o l  invo lved  and o n l y  14.2 p e r c e n t  
f o r  d r i v e r s  w i t h o u t  c a r c a s s  mixes. 
The Rubber Manufac tu re r s  A s s o c i a t i o n  p u b l i s h e s  a wall c h a r t  f o r  t h e  u s e  
of  t i r e  d e a l e r s  t h a t  d e s c r i b e s  a c c e p t a b l e  and non-acceptable  combinat ions  of  
1 
t i r e  c o n s t r u c t i o n  and a s p e c t  r a t i o s .  Three  c a t e g o r i e s  o f  combinat ions  a r e  
l i s t e d .  These  a r e  " p r e f e r r e d f f  ( f o r  i d e n t i c a l  a s p e c t  r a t i o  and c a r c a s s  
c o n s t r u c t i o n ) ,  " a ~ c e p t a b l e ~ ~ ,  and lfno. lf The gu ide  is  r a t h e r  l i b e r a l .  For  
example, i t  l is ts  a s  a c c e p t a b l e  t h e  u s e  of r a d i a l s  on t h e  r e a r  and non- 
I " T i r e  A p p l i c a t i o n  Guide f o r  Passenger  Cars," pub l i shed  by t h e  Rubber 
Manufacturers  A s s o c i a t i o n ,  1901 Pennsy lvan ia  Avenue, N.W., Washington, 
D.C. 20006. 
rad ia l s  on the f ron t  unless the f ron t  t i r e s  a re  of the 50 o r  60 s e r i e s .  
Using the  RMA guide as  c r i t e r i a ,  13 of the carcass mixes i n  the 
checklane sample a re  unacceptable mixes o r  a proportion of 0.9 percent, 
while 25 o r  3.9 percent of the vehicles i n  the  accident sample have 
unacceptable mixes. While the  incidence of unacceptable mixes is about half 
tha t  f o r  a l l  mixes of carcass constructions,  the  difference between the  two 
2 
samples is s t i l l  highly s ign i f i can t  w i t h  X =29, d . f .= l .  
The higher frequency of carcass mixes i n  the  accident-involved vehicles 
compared t o  the  checklane vehicles is jus t  the s o r t  of overrepresentation 
t ha t  would implicate carcass mixes as a fac to r  associated w i t h  accidents, 
e i t h e r  causally o r  through corre la t ion w i t h  a causal f ac to r .  However, a 
causal inference from the  data presented here must be tempered f o r  two 
reasons. One is tha t  the  associat ion between carcass mixes and the  
indicat ion of impairment of the d r ive r  by alcohol suggests that  mixing may 
be a r e su l t  of dr iver  charac te r i s t i c s  which a re  associated w i t h  accidents, 
r a the r  than a d i rec t  causal  f ac to r .  The second reason i s  that  there may be 
basic differences between the  populations from which the checklane and 
accident samples were taken t ha t  account f o r  the  difference i n  the observed 
carcass mixes. Evidence of t h i s  w i l l  be discussed r e l a t i ve  t o  tread depth 
i n  Section 3.4.1, where the  analyses include control  f o r  the e f f ec t s  of 
confounding variables whose d i s t r ibu t ions  d i f f e r  i n  the two populations. 
The number of cases of mixes of types of carcass construction is  too small 
t o  permit such s t a t i s t i c a l  control .  
The f i ve  vehicles having r ad i a l  t i r e s  mixed w i t h  non-radial t i r e s  are  
insuf f i c ien t  f o r  any but the cursory analys is  given above. Because the 
number is small, a brief  summary of each case is  included i n  Appendix B.  
T h i s  sect ion presents an examination of tread depth measured on the 
accident sample. The section is divided i n t o  three  subsections. Subsection 
3.4.1 presents comparisons of the accident sample w i t h  the control  
(checklane) sample. Since only one measurement was made per t i r e  i n  the 
checklane data col lec t ion,  the comparisons are  l imited t o  the use of one 
groove measurement on each t i r e  i n  the  accident sample. 
In 3.4.2, subsets of the accident sample are compared. The objective 
of 3.4.2 is  to  examine the overall tread depth in  the accident sample. 
Since a l l  grooves were measured on the accident vehicles, the mean depth of 
a l l  grooves on each t i r e  is  used as  the measure of overall tread depth, 
Much of the material i n  t h i s  section is based on the minimum mean depth on 
the vehicle--that is,  the mean depth of the t i r e  which had the lowest mean 
depth of a l l  four t i r e s .  
Lastly, two characteristics of the pattern of wear that can be deduced 
from measurements of a l l  grooves are examined i n  3.4.3 for  subsets of the 
accident sample. The two pattern characteristics are the 
concavity/convexity of the pattern, and l a t e ra l  asymmetry of wear on each 
t i r e .  
3.4.1 Tread DeDth Comnarisons Q.L Accident and Checklane- 
Tread depths were measured i n  both the accident and control samples. The 
measurement for the control group was made while the cars were waiting i n  
l ine  for  the Michigan State  Police checklane, and thus the time available 
was limited. Because of t h i s  only one tread depth measurement was made on 
each of the four t i r e s .  The single measurement was made i n  the center 
groove of t i r e s  w i t h  an odd number of grooves, or i n  the groove nearest the 
center on the side toward the observer (outside) in  the case of an even 
number of grooves. The observer was instructed t o  take the time necessary 
to  be sure the measurement was not over a tread wear indicator. A l l  
comparisons of tread depths i n  the accident and control groups are based on 
a consistent depth measurement. T h i s  is accomplished by using the depth of 
the groove in  the accident data that corresponds to the groove measured i n  
the checklane data. 
The checklane sample collected i n  the summer of 1976 included vehicles 
over 20 years old. Tread depth is  correlated w i t h  age, and since the 
vehicles in the accident sample are no more that 5 years o l d  (model years 
1972-1977), the use of the checklane data has been limited t o  those vehicles 
that were no more than 5 years o l d  a t  the time of the data collection. 
The distributions of tread depths on the t i r e s  i n  the two samples are 
shown i n  Figure 2 .  Since the checklane data were collected i n  the summer, 
presunably w i t h  few snow t i r e s ,  snow t i r e s  which have deep treads have been 
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d e l e t e d  from t h e  a c c i d e n t  d a t a  i n  F i g u r e  2 .  T i r e s  w i t h  m i s s i n g  d a t a  on 
t r e a d  dep th  a r e  a l s o  excluded,  Consequent ly ,  F i g u r e  2 i s  based on 3787 
t i r e s  from t h e  check lane  sample and 1629 t i r e s  from t h e  a c c i d e n t  sample. 
The d i s t r i b u t i o n s  a r e  ve ry  similar i n  bo th  samples ,  w i t h  both  having a 
mode a t  8 /32 t o  9/32. However, t h e  curve  f o r  t h e  a c c i d e n t  sample is  
d i s p l a c e d  s l i g h t l y  t o  t h e  r i g h t  above 4/32,  i n d i c a t i n g  t h e  t i r e s  i n  t h e  
a c c i d e n t  p o p u l a t i o n  had s l i g h t l y  more t r e a d .  The d i f f e r e n c e  between t h e  two 
d i s t r i b u t i o n s  is  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  0.0214 l e v e l . '  The 
p r o p o r t i o n  of  t i r e s  w i t h  t r e a d  d e p t h s  o f  0-2/32 is 4.24% i n  t h e  a c c i d e n t  
sample,  and 3.75% i n  t h e  check lane  sample. T h i s  d i f f e r e n c e  is no t  
2 
s i g n i f i c a n t  (X =0 .7 ,  d . f . = l ) .  F i g u r e  3 g i v e s  t h e  d i s t r i b u t i o n  of t h e  
minimum t r e a d  d e p t h  on each v e h i c l e ,  i . e . ,  t h e  minimum of t h e  f o u r  t i r e s .  
Those v e h i c l e s  a r e  i n c l u d e d  f o r  which a l l  f o u r  t i r e s  met t h e  requ i rements  
g i v e n  r e l a t i v e  t o  t h e  p r e v i o u s  f i g u r e ,  949 v e h i c l e s  i n  t h e  check lane  and 411 
i n  t h e  a c c i d e n t  samples.  Almost a l l  o b s e r v a t i o n s  made w i t h  r e g a r d  t o  F i g u r e  
2 a l s o  app ly  t o  F i g u r e  3 .  The d i f f e r e n c e  i n  t h e  two d i s t r i b u t i o n s  is 
s i g n i f i c a n t  a t  t h e  0.014 l e v e l  u s i n g  F l o r a ' s  t echn ique .  The mean minimum 
d e p t h  i n  t h e  a c c i d e n t  sample is 7.4  ( 3 2 ' s )  and 7.0 f o r  t h e  check lane  sample. 
.Whi le  t h e  d i f f e r e n c e  is  s i g n i f i c a n t  ( a t  t h e  0.017 l e v e l  u s i n g  t h e  S t u d e n t s  
t e s t ) ,  i t  is small. 
The p r o p o r t i o n  of acc iden t - invo lved  v e h i c l e s  w i t h  minimum t r e a d  of  O- 
2/32 is  12.28,  b u t  on ly  10.9% f o r  t h e  check lane  sample,  a l though  t h e  
2 
d i f f e r e n c e  i n  t h e  two p r o p o r t i o n s  is no t  s i g n i f i c a n t  ( X  =0.49,  d . f . = l ) .  
The g r e a t e r  t r e a d  d e p t h s  on t i r e s  of t h e  acc iden t - invo lved  v e h i c l e s  
shown i n  F i g u r e  2 a r e  s u r p r i s i n g ,  bu t  can  be e x p l a i n e d  i n  p a r t  by 
d i f f e r e n c e s  i n  t h e  two samples .  I t  was noted e a r l i e r  t h a t  t r e a d  dep th  i s  
c o r r e l a t e d  w i t h  v e h i c l e  age.  F i g u r e  4 i n d i c a t e s  t h e  mean dep th  ( o f  f o u r  
t i r e s )  d e c r e a s e s ,  p a r t i c u l a r l y  i n  t h e  f i r s t  two y e a r s .  The p r o p o r t i o n  of  
v e h i c l e s  w i t h  a t  l e a s t  one t i re  w i t h  a t r e a d  d e p t h  o f  0-2/32 a l s o  i n c r e a s e s  
w i t h  a g e ,  even more markedly t h a n  t h e  mean. T h i s  is shown i n  Table  23.  
The RIDITS Technique of F l o r a  was used f o r  t h e  t e s t s .  T h i s  t echn ique  
was used because  i t  is  a d i s t r i b u t i o n - f r e e  method o f  de te rmin ing  i f  t h e  
numbers ( s c o r e s )  o f  one p o p u l a t i o n  a r e  g r e a t e r  t h a n  t h o s e  of a second. The 
s i g n i f i c a n c e  l e v e l s  g i v e n  by F l o r a ' s  t echn ique  a r e  t h e  same a s  t h o s e  e i v e n  
by t h e  Mann-Whitney (U) t e s t  t o  which it is  c l o s e l y  r e l a t e d .  
Table  23 
P r o p o r t i o n  of V e h i c l e s  i n  t h e  Combined Accident and Checklane 
Samples w i t h  a Minimum Mean Tread Depth 2/32 o r  l e s s  by Age.* 
.......................................................................... 
Age i n  Years P r o p o r t i o n  i n  P e r c e n t  .......................................................................... 
Mean 
T o t a l  N 
V e h i c l e s  w i t h  s n o w t i r e s  have been excluded from 
t h e  a c c i d e n t  sample 
The age  of v e h i c l e s  i n  t h e  two samples  is d i f f e r e n t .  Tab le  24  shows 
t h a t  a g r e a t e r  p r o p o r t i o n  of  t h e  v e h i c l e s  i n  t h e  a c c i d e n t  sample a r e  l e s s  
t h a n  two y e a r s  o l d .  The a s s o c i a t i o n s  between sample ( a c c i d e n t ,  check lane)  
and a g e ,  and between t r e a d  dep th  and a g e ,  s u g g e s t  t h a t  comparisons o f  t r e a d  
d e p t h  i n  t h e  two samples  cou ld  be confounded by v e h i c l e  age  and t h a t  t h e  
comparisons shou ld  be c o n t r o l l e d  f o r  t h e  e f f e c t s  of  age.  M u l t i v a r i a t e  
l i n e a r  r e g r e s s i o n s  were used t o  p rov ide  such c o n t r o l .  
I n  t h e  r e g r e s s i o n s  t o  be d i s c u s s e d  below f o r  comparing t r e a d  d e p t h s  i n  
t h e  a c c i d e n t  sample w i t h  t h o s e  i n  t h e  check lane  sample,  t i r e s  on t r u c k s  i n  
both  samples ,  and s n o w t i r e s  on c a r s  i n  t h e  a c c i d e n t  sample were excluded.  
Only v e h i c l e s  i n  a common range  of ages--0-5 y e a r s  old--were inc luded .  The 
t r e a d  d e p t h s  i n  t h e  r e g r e s s i o n s  a r e  of  t h e  t i r e  w i t h  t h e  minimum t r e a d  on 
t h e  v e h i c l e .  Consequent ly ,  t h e  b a s i c  o b s e r v a t i o n a l  u n i t  is a v e h i c l e .  The 
r e g r e s s i o n s  p rov ide  p r e d i c t e d  v a l u e s  of a dependent v a r i a b l e  Y ( i n  t h i s  c a s e  
t r e a d  d e p t h )  a s  a l i n e a r  f u n c t i o n  of s e v e r a l  dependent v a r i a b l e s  X i ,  
The l e a s t  s q u a r e s  method s e l e c t s  t h e  c o e f f i c i e n t s  such t h a t  t h e  sum o f  
s q u a r e s  of t h e  d i f f e r e n c e s  between t h e  p r e d i c t e d  and observed v a l u e s  o f  Y i s  
Table 24 
Vehicle Age By Population 
.......................................................................... 
I 
I Proportion of vehicles of 
I 
I each age i n  percent for:  
Age i n  Years ;--------------------------.---------------------- 
I 
I Checklane Accident* 
------------------------+------------------------------------------------- 
2 I I 20.7 22.5 
3 I I 22.4 20.6 
4 I I 19.7 12.0 
5 I I 12.3 0.7 
I 
Total % I I 100.0 100 .o 
N I I 9 50 417 ------.-----------------.----------------------------------------------.-- 
Veh ic l e s  w i t h  snowtires have been excluded, 
minimized. 
A regression of tread depth ( i n  32's)  against  sample ( l=checklane, 
2zaccident) gives the r e su l t s  i n  Table 25. 
Table 25 
Least Squares Regression 
by Tread Depth by Sample and Vehicle Age 
- -  -- -----.-------------------.---------.--------------------------------------- 




These r e su l t s  indicate tha t  a f t e r  controll ing fo r  age, the difference 
i n  the two samples was not s ign i f i can t  ( s i g .  level=0.53),  while the e f fec t  
of age was, w i t h  each addit ional  year of age, t o  reduce the mean tread depth 
by 0.66/32 i n c h .  However, t h e  c o n c l u s i o n  must be tempered by t h e  f a c t  t h a t  
t h e  model o n l y  e x p l a i n e d  12 p e r c e n t  of t h e  v a r i a b i l i t y  i n  t h e  d a t a  as 
2 i n d i c a t e d  by t h e  v a l u e  of R . N e v e r t h e l e s s ,  t h e  r e s u l t  is c o n s i s t e n t  w i t h  
t h e  o b s e r v a t i o n  t h a t  w h i l e  t h e  a c c i d e n t  sample h a s  more t r e a d  t h a n  t h e  
check lane  sample,  it a l s o  h a s  more new c a r s  which i n  g e n e r a l  have more 
t r e a d .  
The r e g r e s s i o n  u s i n g  t r e a d  dep th  i n  3 2 ' s  e f f e c t i v e l y  examines 
d i f f e r e n c e s  i n  t h e  means o f  t h e  samples.  S i n c e  t h e  mean minimum t r e a d  
d e p t h s  a r e  s u b s t a n t i a l ,  abou t  7 /32,  s m a l l  d i f f e r e n c e s  i n  t h e  means may have 
l i t t l e  i n f l u e n c e  on a c c i d e n t  e x p e r i e n c e s .  T h e r e f o r e  t h e  remaining 
comparisons of  t r e a d  dep th  w i l l  examine t h e  p r o p o r t i o n s  o f  t h e  v e h i c l e s  i n  
each sample which have minimum t r e a d  d e p t h s  of  0-2/32. For  examining 
p r o p o r t i o n s ,  i t  is p o s s i b l e  t o  u s e  weighted l e a s t  s q u a r e s  models. 
B a s i c a l l y ,  t h e  p r o p o r t i o n s  used a s  t h e  dependent v a r i a b l e s  a r e  computed f o r  
t h e  group of o b s e r v a t i o n s  ( v e h i c l e s )  t h a t  f a l l  i n  each of  t h e  p o p u l a t i o n  
c e l l s  d e f i n e d  by t h e  combinat ions  o f  v a l u e s  o f  t h e  independent  v a r i a b l e s .  
Each c e l l ,  i, h a s  n o b s e r v a t i o n s  w i t h  a c e l l  p r o p o r t i o n  of p . I n  t h e  
weighted l e a s t  s q u a r e s ,  t h e  v a r i a b l e s  a r e  weighted f o r  each c e l l  by t h e  
s q u a r e  r o o t  of W i ,  where 
T h i s  we igh t ing  a v o i d s  problems a s s o c i a t e d  w i t h  non-uniform v a r i a n c e s  i n  t h e  
c e l l s .  
The weighted l e a s t  s q u a r e s  r e g r e s s i o n  o f  t h e  p r o p o r t i o n  of v e h i c l e s  
w i t h  a minimum t r e a d  dep th  of  0-2/32 a g a i n s t  sample and v e h i c l e  age g i v e s  
t h e  i n f o r m a t i o n  i n  Tab le  26. The c o e f f i c i e n t  f o r  sample is s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  t h e  0.012 l e v e l ,  i n d i c a t i n g  t h e  two samples  a r e  d i f f e r e n t .  
The c o e f f i c i e n t  f o r  sample i n d i c a t e s  t h a t  t h e  d i f f e r e n c e  i n  t h e  p r o p o r t i o n s  
w i t h  low t r e a d  dep th  is 3.38%--above and beyond any e f f e c t  of  age on t h e  two 
samples--with t h e  a c c i d e n t  sample having more such v e h i c l e s .  
Model (body t y p e )  is a l s o  a c a n d i d a t e  c o n t r o l  v a r i a b l e .  Tab le  27 g i v e s  
t h e  d i s t r i b u t i o n  of model i n  t h e  two samples.  F u l l  s i z e d  c a r s  o c c u r  about  
h a l f  a s  f r e q u e n t l y  i n  t h e  a c c i d e n t  sample. The f o u r - l e v e l  model v a r i a b l e  
f o r  passenger  c a r s  r e s u l t s  i n  48 c e l l s  when c r o s s e d  w i t h  sample ( 2  l e v e l s )  
and v e h i c l e  age ( 6  l e v e l s ) .  T h i s  r e s u l t s  i n  many empty o r  n e a r l y  empty 
Table  26 
Weighted L e a s t  Squares  Regress ion  of Tread Depth 
l e s s  t h a n  3/32 by2Sample and Veh ic le  Age 
R =0.836 
T o t a l  Degrees of Freedom = 12 
........................................................................... 
V a r i a b l e  C o e f f i c i e n t  S i g n i f i c a n c e  Leve l  
Cons tan t  -0.0736 0.001 
Sample* 0.0338 0.012 
Age** 0.0408 0 . O O O  ........................................................................... 
* l = c h e c k l a n e  sample,  2 = a c c i d e n t  sample 
**The age v a r i a b l e  used i s  t h e  age  of  t h e  v e h i c l e  p l u s  one. 
c e l l s  w i t h  t h e  q u a n t i t y  of d a t a  a v a i l a b l e .  Hence a two-level  model v a r i a b l e  
was used. F u l l  s i z e d  and i n t e r m e d i a t e  c a r s  were pooled i n t o  l e v e l  1 ,  whi le  
compacts and sub-compacts were pooled i n t o  l e v e l  2 .  The d i s t r i b u t i o n  g i v e n  
i n  Table  27 s u g g e s t s  t h i s  p a i r i n g .  
Tab le  27 
D i s t r i b u t i o n  of Model i n  Each Sample 
- ........................................................................ 
I 
I D i s t r i b u t i o n  i n  P e r c e n t  
Model ;----------------------------------------------- 
I 




F u l l  S i z e  I 38.1 20.9 
I n t e r m e d i a t e  
Compact 
Sub-compact 
Smal l  Truck 
T o t a l  I 100.0 100 .o ........................................................................ 
Table  28 s u b s t a n t i a t e s  t h e  c h o i c e  of t h e  dichotomous model v a r i a b l e  a s  
4 5 
a  c o n t r o l  s i n c e  small c a r s  have a g r e a t e r  i n c i d e n c e  o f  l i t t l e  t r e a d  i n  both  
samples.  
Tab le  28 
P r o p o r t i o n  of  Cars w i t h  Minimum 










The weighted l e a s t  s q u a r e s  r e g r e s s i o n  u s i n g  bo th  v e h i c l e  age and t h e  
two-level  model v a r i a b l e - - g e n e r a t i n g  24 c e l l s  i n  a l l - - i s  g iven  i n  Table  29 .  
Tab le  29 
Weighted L e a s t  Squares  Regress ion  of Tread 
Depth of 2/32 o r  Less2by Sample, Age, and Model 
R =0.51 
T o t a l  Degrees of Freedom = 24 
-------------------------------------------.------------------------------- 
V a r i a b l e  C o e f f i c i e n t  S i g n i f i c a n c e  Leve l  -------------------------------------------.------------------------------- 




T h i s  r e g r e s s i o n  i n d i c a t e s  t h a t  c o n t r o l l i n g  on model a s  w e l l  a s  v e h i c l e  
age  r e s u l t s  i n  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  of c a r s  w i t h  low 
t r e a d  i n  t h e  two samples.  However, t h i s  r e g r e s s i o n  does  no t  e x p l a i n  a s  much 
of  t h e  v a r i a b i l i t y  a s  does  t h e  r e g r e s s i o n  i n  Table  26 .  N e v e r t h e l e s s ,  i t  
s t r o n g l y  s u g g e s t s  t h a t  model i s  a n  impor tan t  confounding v a r i a b l e  s i n c e  it  
i s  highly s ign i f i can t ,  a t  the  0.027 leve l .  
The l e s s  adequate " f i t n  could have several  reasons. The introduction 
of model increases the number of c e l l s  from 12 t o  24, thereby increasing the  
2  va r i ab i l i t y .  The high value of R i n  Table 26 could i n  f a c t  r e su l t  from too 
much pooling of the data. An in te rac t ion  between independent variables 
2 could a l s o  resu l t  i n  the  low R , e.g.,  in teract ions  between model, sample, 
and t read depth. 
The pos s ib i l i t y  of the above in te rac t ion  was examined by a regression 
of tread agains t  sample, age, and two variables representing model. The two 
model var iables  were s t ructured a s  shown i n  Table 30. The same data 
s t ruc tu re  of 24  c e l l s  was used. 
Table 30 
Dummy Model Variables f o r  In teract ion 
......................................................................... 
I I 
I I Model Model 
Sample I  Model I Variable Variable I 
I I 




Checklane I Large I I I 1 0 




Accident I Large I I I 0 1 
I Small I I I 0 - 1 
Ey using t h i s  variable s t ruc tu re  the e f f ec t  of model can be examined 
separately fo r  each sample. 
The regression r e s u l t s  are  shown i n  Table 31. There i s  a moderate 
in te rac t ion  between model and sample. The e f fec t  of model i s  not 
s ign i f i can t  i n  the checklane sample, but is i n  the accident sample. 
Furthermore the estimated e f f ec t  of model (as given by the  coef f i c ien t s )  is  
2.7 times as great  i n  the  accident sample as i n  the checklane sample. 
Again, the  e f fec t  of the sample i t s e l f  on the proportion w i t h  low tread 
depths is not s ign i f i can t .  However, the addit ion of the in teract ion terms 
2 has only resulted i n  a 3% reduction i n  the  unexplained variability--R has 
i n c r e a s e d  from 0.51 (Tab le  29) t o  0.54. 
Tab le  3 1  
Weighted L e a s t  Squares  Regress ion  of Tread Depth 
L e s s  t h a n  3/32 by Sample, Age, and Model w i t h  I n t e r a c t i o n  
2 
R =0.54 
T o t a l  Degrees of  Freedom = 24 
.......................................................................... 
V a r i a b l e  C o e f f i c i e n t  S i g n i f i c a n c e  Leve l  .......................................................................... 
Cons tan t  -0.0172 0.075 
Sample -0.01 14 0.102 
Age 0.0356 0 .OOO 
Model 1 ( c h e c k l a n e )  -0 .009g 0.158 
Model 2 ( a c c i d e n t )  -0.0267 0.032 .......................................................................... 
The l as t  two r e g r e s s i o n s ,  t h o s e  p r e s e n t e d  i n  T a b l e s  29 and 31, were 
based on a p o p u l a t i o n  ( c e l l s )  of  24 r a t h e r  t h a n  12 a s  i n  Tab le  26. Tab le  32 
g i v e s  t h e  r e s u l t s  o f  a r e g r e s s i o n  on t h e  same 2 4 - c e l l  d a t a ,  bu t  u s i n g  on ly  
sample and age  a s  independent  v a r i a b l e s .  T h i s  r e s u l t  may be compared t o  
Tab le  32 
Weighted L e a s t  Squares  Regress ion  of Tread Depth 
l e s s  than  3/32 by Sample and Age w i t h  24 Degrees o f  Freedom 
........................................................................... 
V a r i a b l e  C o e f f i c i e n t  S i g n i f i c a n c e  Leve l  
Cons tan t  -0.0327 0.0005 
Sample -0.0050 0.331 
Table 26 t o  show t h e  e f f e c t s  of t h e  g r e a t e r  poo l ing  of d a t a  i n  t h e  
r e g r e s s i o n  of Tab le  2 6 .  
As i n  a l l  p r e v i o u s  examples, age  is very  s i g n i f i c a n t .  However, i n  t h i s  
r e g r e s s i o n  t h e  sample is not  s i g n i f i c a n t  w h i l e  i t  is  i n  Table  26.  The l a c k  
2  
of pool ing h e r e  h a s  reduced R t o  abou t  h a l f  t h a t  of  Table 26.  
The r e g r e s s i o n s  t h a t  have been p r e s e n t e d  f o r  comparing t h e  p r o p o r t i o n  
of  v e h i c l e s  w i t h  minimum t r e a d  d e p t h s  of  0-2/32 i n  t h e  checklane and 
a c c i d e n t  samples a r e  a d m i t t e d l y  c o n f u s i n g  and may a p p e a r  i n c o n s i s t e n t .  The 
c o n c l u s i o n  t h a t  can  be drawn from them i s  t h i s :  both  v e h i c l e  age  and model 
a r e  v a r i a b l e s  t h a t  d i f f e r  i n  t h e  two samples ,  and confound comparisons o f  
t r e a d  dep th  i n  t h e  two samples.  Any d i f f e r e n c e  t h a t  may e x i s t  i n  t h e  
p r o p o r t i o n  of v e h i c l e s  w i t h  l i t t l e  t r e a d  i n  t h e  two samples  is s m a l l ,  and 
cannot  be d e t e c t e d  w i t h  v a l i d i t y  u n l e s s  t h e s e  confounding f a c t o r s  a r e  
accounted f o r .  However, t h e  t o t a l  q u a n t i t y  of  d a t a  a v a i l a b l e  is 
i n s u f f i c i e n t  t o  adequa te ly  examine t h e  t h r e e  v a r i a b l e s  s imul taneous ly .  
3.4.2 Mean Tread DeDths. & Accident Data a r e  c o l l e c t e d  on 
t h e  d e p t h  of  each groove of  each t i r e .  One measurement i s  made i n  each 
groove a t  a  p o i n t  not  over  a  t r e a d  wear i n d i c a t o r .  Two of  t h e  2052 t i r e s  
c u r r e n t l y  i n  t h e  a c c i d e n t  d a t a  s e t  have n i n e  grooves;  t h e  o t h e r s  have from 
two t o  e i g h t  grooves .  O f  t h e  2050 w i t h  two t o  e i g h t  grooves ,  t r e a d  d e p t h  
measurements were completed f o r  2013. 
The parameter  s e l e c t e d  as a  measure of t h e  amount of t r e a d  on each t i r e  
i s  t h e  mean of t h e  groove measurements. S i n c e  t h e  number of grooves  v a r i e s  
from 2 ( o n  some snow t i r e s )  t o  8 ,  t h e  means a r e  based on 2 t o  8 
measurements. The comparisons t o  be p r e s e n t e d  f o r  s u b s e t s  of  t h e  a c c i d e n t -  
invo lved  c a r s  a r e  based on c a r s  r a t h e r  than  i n d i v i d u a l  t i r e s .  I n  t h e s e  
c a s e s ,  t h a t  t i r e  which had t h e  lowes t  mean t r e a d  dep th  was s e l e c t e d  t o  
r e p r e s e n t  t h e  v e h i c l e  i n  t h e  comparisons. T h i s  was done under  t h e  
assumpt ion t h a t  l i t t l e  t r e a d  would more l i k e l y  be a  c a u s a l  a c c i d e n t  f a c t o r  
t h a n  ample t r e a d .  
Admittedly t h i s  i s  a  s i m p l i s t i c - - a l t h o u g h  not  unreasonable--view of t h e  
r o l e  of t r e a d .  The combination of t i r e s  wi th  d i f f e r e n t  t r e a d  dep ths  can 
have s u b t l e  e f f e c t s  on t h e  hand l ing  performance of a  c a r ,  e . g . ,  t h e  
u n d e r s t e e r  c o e f f i c i e n t  (even on dry  pavement) ,  bu t  t h i s  is d i f f i c u l t  t o  
s t u d y  w i t h  t h e  e x i s t i n g  d a t a  s t r u c t u r e .  The e f f e c t s  of  t i r e - t o - t i r e  
d i f f e r e n t i a l s  i n  t r e a d  dep th  on a c c i d e n t  involvement can b e s t  be s t u d i e d  
when r e l a t e d  pa ramete r s  such a s  t h e  u n d e r s t e e r  c o e f f i c i e n t  become a v a i l a b l e  
f o r  s t a t i s t i c a l  a n a l y s i s .  
1 
The d i s t r i b u t i o n  of t h e  mean dep th  f o r  each of  t h e  f o u r  wheel  p o s i t i o n s  
is  g i v e n  i n  Table  33.  S i n c e  t h e  d a t a  s e t  i n c l u d e s  a  s m a l l  number of l i g h t  
t r u c k s  and v e h i c l e s  w i t h  snow t i r e s ,  t h e  means exceed t h e  d e p t h s  t h a t  would 
be found on new passenger  c a r  t i r e s  w i t h  r e g u l a r  highway t r e a d .  The break 
is q u i t e  e v i d e n t  a t  d e p t h s  o f  14/32 and g r e a t e r .  The modes a r e  a t  8/32-9/32 
f o r  f r o n t  t i r e s  and abou t  11/32 f o r  r e a r  t i r e s .  The d e p t h  f o r  new passenger  
c a r  t i r e s  i s  about  11/32-13/32, 
The two r ight-hand columns g i v e  t h e  d i s t r i b u t i o n  of t h e  minimum mean 
dep th  on t h e  c a r .  The mode is  a t  7 /32,  whi le  t h e  median is between 6/32 and 
7/32.  The mean minimum dep th  is 9 . 4 ( 3 2 ' s ) .  
The number and pe rcen tage  of t i r e s  w i t h  t r e a d  d e p t h s  of  2/32 o r  less is  
g i v e n  f o r  each wheel p o s i t i o n  i n  t h e  bottom row. O f  t h e  2013 t i r e s  i n  t h e  
t a b l e ,  61  o r  3% have 2/32 o r  l e s s .  I n  g e n e r a l ,  t h e  t i r e s  w i t h  low t r e a d  
a p p e a r  s i n g l y ;  they  a r e  d i s t r i b u t e d  o v e r  50 (9 .9%) o f  t h e  v e h i c l e s .  
The d i s t r i b u t i o n s  of  t h e  minimum mean t r e a d  d e p t h s  ( g i v e n  i n  t h e  r i g h t -  
hand column of Table  33 f o r  t h e  e n t i r e  a c c i d e n t  sample)  have been compared 
f o r  s p e c i f i c  s u b s e t s  of  t h e  a c c i d e n t  p o p u l a t i o n .  S u b s e t s  were s e l e c t e d  
e i t h e r  t o  ( 1 )  compare t h o s e  groups  t h a t  n i g h t  be expec ted  t o  have t h e  
g r e a t e s t  d i f f e r e n c e  i n  i n c i d e n c e  of  "handl ing"  a c c i d e n t s  o r ,  ( 2 )  compare 
t h o s e  i n  which t r e a d  dep th  cou ld  be expec ted  t o  p l a y  a  r o l e  w i t h  t h o s e  i n  
which it is l e a s t  l i k e l y  t o  be a  f a c t o r .  S i n c e  t h e  d a t a  t h i n  o u t  a t  t h e  
h i g h e r  t r e a d  d e p t h s ,  c a s e s  w i t h  d e p t h s  o f  15/32 o r  g r e a t e r  were pooled,  t h u s  
g i v i n g  16 l e v e l s  of  depth .  Two t e s t s  were used.  The Students-T t e s t  of 
means, and t h e  Mann-Whitney (U) t e s t  of ranks .  Both methods a r e  a p p r o p r i a t e  
and have t h e i r  s t r e n g t h s  and weaknesses. The means t e s t  is s t r a i g h t f o r w a r d  
t o  i n t e r p r e t  and simply t e s t s  f o r  e q u a l i t y  of  means. However, i t  depends on 
t h e  assumption of  normal i ty  o f  t h e  d i s t r i b u t i o n s .  The Mann-Whitney t e s t  is 
d i s t r i b u t i o n  f r e e ,  and t e s t s  f o r  e q u a l i t y  of  r a n k s  o f  s c o r e s  ( o r d e r e d  
v a r i a b l e s ) .  However, i t  is i n v a l i d  i f  t i e s  a r e  f r e q u e n t .  With l a r g e  d a t a  
s e t s  t h e  d i f f e r e n c e  i n  r e s u l t s  of  t h e  two t e s t s  is small. 
' MVMA P r o j e c t  Number 4 .29,  "Develop Accident Causa t ion  I n v e s t i g a t i o n  
Techniques.  " 
Table 33 
D i s t r i b u t i o n  of Mean Tread Depth 
..................................................................... 
I  L e f t  I Right 1 Lef t  1 Right IMinimumMean 
Depth 1 Front 1 Front 1 Rear 1 Rear 1 On Vehicle 
i n  32 's  1-----------+-.---------+-----------+-----------+------------ 
I N $ 1  N $ 1  N $ 1  N $ 1  N % 
--------+-----------+------------------.-- 
I I I I I 
I I I I I 
0 1 0  0 1  3 0 . 6 1  2 0 . 4 1  2 0 . 4 1  6 1.2 
1 1 4 0 . 8 1  6 1 . 2 1  5 1 . 0 1  8 1 . 6 1  20 4.0 
2 1 10 2 . 0 1  12 2 . 4 1  11 2 . 2 1  8 1 . 6 1  24 4.7 
3 1 17 3 . 4  27 5 15 3 . 0 1  11 2 . 2 1  37 7.3 
4 1 3 5  7 . 0 1  24 4 . 8 1  25 5 . 0 1  20 4 . 0  42 8.3 
5 1 2 6  5 . 2 1  23 4 . 6 1  24 4 . 8 1  29 5 . 8 1  42 8.3 
6 1 48 9.5 1 48 9.5 1 45 8.9 1 45 9.0 1 61 12.1 
7 1 60 1 1 . 9 1  60 1 1 . 9 1  47 9 . 3 1  53 1 0 . 6 1  62 12.3 
8 1 72 14.3 1 54 10.7 1 62 12.3 1 56 11.2 1 54 10.7 
9 1 65 12.9 1 74 14.7 1 73 14.5 1 69 13.7 1 51 10.1 
10 1 56 11.1 f 58 11.5 1 45 8.9 1 50 10.0 1 27 5.3 
11 1 52 10.3 1 61 12.1 1 73 14.5 1 73 14.5 1 50 9.9 
12 1 3 4  6 . 8 1  28 5 . 6 1  33 6 . 5 1  31 6 . 2 1  16 3.2 
13 1 1 1  2 . 2 1  11 2 . 2 1  13 2 . 6 1  19 3 . 8 1  5 1.0 
14 1 5 1 . 0 1  8 1 . 6 1  14 2 . 8 1  12 2 . 4 1  4 0.8 
15 1 2 0 . 4 1  2 0 . 4 1  7 1 . 4 1  6 1 . 2 1  0 0 
16 1 0  0 1  0 0 1  2 0 . 4 1  2 I 0 0 
17 1 2 0.4 1 1 0.2 1 3 0.6 1 2 0.4 1 2 0.4 
18 1 1 0 . 2 1  1 0 . 2 1  0 0 1  2 0 . 4 1  0 0 
19 1 1 0 . 2 1  0 0 1  2 0 . 4 1  1 0 . 2 1  1 0.2 
20 1 0  0 1  2 0 . 4 1  1 0 . 2 1  0 0 1 1 0.2 
2 1 1 1 0 . 2 1  0 0 ;  1 0 . 2 1  2 0 . 4 1  0 0 
22 1 1 0.2 ( 1 0.2 1 1 0.2 1 1 0.2 1 1 0.2 
I I I I I 
I I I I I 
Tota l  1 503 100.0 1 504 100.0 1 504 100.0 1 502 100.0 1 506 100.0 
I I I I I 
I I I I I 
0-2 1 14 2 . 8 1  21 4 . 2 1  8 1 . 6 1  18 3 . 6 1  50 9.9 ---------------.---------------------.------------------------------- 
Table 34 g ives  t h e  r e s u l t s  of t h r e e  comparisons. Mean minimum t r e a d  
depths a r e  given f o r  each subse t  along with s ign i f i cance  l e v e l s  f o r  both 
t e s t s .  
Single-vehicle  versus  two-vehicle crashes a r e  not s i g n i f i c a n t l y  
d i f f e r e n t .  Comparisons of s ing le-vehic le  c rashes  with subse ts  of two- 
vehic le  crashes (head-on, rear-end, e t c . )  show equal ly i n s i g n i f i c a n t  
d i f f e r ences  . 
Table  34 
Minimum Tread Depth 
- - - - 
Comparison Mean S i g .  Leve l  
-----------I---------------------------------------------------------------- 
S i n g l e  vs .  M u l t i  
S i n g l e  7 -7  17 
Mult i 7 .935 
Dry vs.  O t h e r s  
Dry 
Others  
0.45 mean t e s t  
0.34 Mann-Whitney 
0.16 mean t e s t  
0.17 Mann-Whitney 
Dry vs .  Wet 
D rY 7.80 0.21 mean t e s t  
Wet 7 - 5 5  0.17 Mann-Whitney 
----------I---------------------------------I------------------------------- 
V e h i c l e s  i n  c r a s h e s  on d r y  r o a d s  do n o t  have s i g n i f i c a n t l y  d i f f e r e n t  
minimum t r e a d  d e p t h s  t h a n  t h o s e  on o t h e r  s u r f a c e s  (we t ,  i c y ,  o r  snow 
covered) .  The comparison of d ry  s u r f a c e s  w i t h  wet s u r f a c e s  was made t o  
"sharpen" t h e  c o n t r a s t .  If t r e a d ,  r e g a r d l e s s  o f  dep th ,  is  unab le  t o  cope 
w i t h  i c e  o r  packed snow, t h e  former  comparison would be n d i l u t e d . w  Almost 
i d e n t i c a l  r e s u l t s  were o b t a i n e d  when ice/snow were removed. 
Car ry ing  t h i s  r e a s o n i n g  one s t e p  f u r t h e r ,  t h e  wet-dry comparison could  
a l s o  be " d i l u t e d t 1  i f  moderate t r e a d  i s  s u f f i c i e n t  t o  p rov ide  b rak ing  and 
c o r n e r i n g  f o r c e s  w i t h  t h e  most f r e q u e n t l y  encountered degrees  o f  wetness .  
S i n c e  on ly  a s m a l l  p r o p o r t i o n  of  t h e  v e h i c l e s  had l i t t l e  t r e a d ,  under t h e  
above c o n d i t i o n s  small d i f f e r e n c e s  i n  mean t r e a d  d e p t h s  cou ld  n o t  be 
expec ted  t o  r e s u l t  i n  d i f f e r e n t  a c c i d e n t  exper ience .  
Consequently a wet-dry comparison was made u s i n g  a dichotomous minimum 
tread d e p t h  v a r i a b l e .  V e h i c l e s  wi th  a t  l e a s t  one t i r e  w i t h  a mean dep th  of  
0-2/32 were pooled,  and compared w i t h  t h o s e  w i t h  more t r e a d .  The r e s u l t  is  
2 
shown i n  Table 35. The ch i - square  tes t  of  homogeneity g i v e s  X =7.9 wi th  
d . f . = l  and a s i g n i f i c a n c e  l e v e l  of  0.005.  Thus we may conclude t h a t  
v e h i c l e s  w i t h  a t i r e  w i t h  l e s s  t h a n  3/32 rnean t r e a d  d e p t h  a r e  
o v e r r e p r e s e n t e d  i n  a c c i d e n t s  on wet roads  by  o v e r  2 t o  1 .  
Table 35  
Comparison of Wet and Dry 
Surfaces w i t h  a  Dichotomy 
of Minimum Mean Tread Depths 
- 
Tread Depth D ry Wet ......................................................................... 
Over 2/32 92.6% 82.7% 
Total % 100 .O 100.0 
N 309 110 ......................................................................... 
3.4 - 3  Tread Wear Patterns A,n Lhg Accident S'amDle. Since one depth 
measurement is made i n  each groove of a t i r e ,  the data a re  available t o  
examine the  pat tern  of tread wear, i . e . ,  the  pat tern  generated by 
d i f f e r e n t i a l  wear across the surface of the t i r e  i n  the  l a t e r a l  d i rect ion.  
The pa t t e rn  i t s e l f  may not be d i r ec t l y  re la ted  t o  vehicle handling o r  
accident causation. I f  i t  is,  i t  would be through a complex re la t ion  
between cornering o r  braking forces and t i r e  pressure, load, l a t e r a l  
accelera t ion,  carcass construction,  e tc .  However, the wear pat tern  i s  
d i rec t ly  re la ted  t o  t i r e  pressure maintenance pract ices  and suspension 
system geometry, pa r t i cu la r ly  toe and camber. These fac to rs ,  i n  turn,  
d i r ec t l y  a f fec t  handling charac te r i s t i c s .  Thus one might expect t o  f ind 
some associat ion between wear pat terns  and accident experience, a l b e i t  
indi rect .  
Unfortunately, the  large amount of data  generated by the individual 
groove measurements is d i f f i c u l t  t o  categorize and analyze. One of the more 
convenient measures of the pat tern  t o  obtain i s  the range of groove depths 
on each t i r e .  The d i s t r ibu t ion  of ranges fo r  f ron t  and r ea r  t i r e s  is given 
i n  Table 36. Although f ront  t i r e s  have a g rea te r  range ( t he  odds of a f ront  
t i r e  having a g rea te r  range than a rear  t i r e :  1.02/1), the difference is  
I small and not s t a t i s t i c a l l y  s ign i f i can t  (s ignif icance l eve l  = 0 . 5 8 ) .  
I The odds r a t i o  and significance l eve l  were obtained by Flora ' s  RIDITS 
technique. J.D. Flora,  mci t .  
Table  36 
Tread Depth Range on Each T i r e  
(Maximum-Minimum Groove Depth) 
F r o n t  T i r e s  I I Rear T i r e s  
Range ;---------------------------+-------------------------- 




0 I 192 19.5 I I I 2  29 23.2 
1  I I 2  29 30.3 1 28 1  28.4 
2  I 24 1 I I 24.4 1 19 3 19.6 
3  I 119 12.1 I I I 130 13.2 
4  I 6 4  I I 6.5 I 6 7  6.8 
5 I 2 4 I I 2.4 1 4 1  4.2 
6  I I 3 0  3.0 I 19 1.9 
I 7 I 12 1.2 1 13 1 * 3  
I 8 I 2  0.2 1 8 0.8 
9  I I 3 0.3 I 4 0 .4  
10 I 1 0.1 I I I 
I I 
0 0 
11 I 0  0  I 2 0.2 
I I 
I I 
T o t a l  I 987 100.0 I I I 9 87 100.0 
I I 
I I 
1 2 / 3 2  I I 7  32 74.2 1 703 71.2 ...................................................................... 
Although f r o n t  t i r e s  have a  g r e a t e r  range ( t h e  odds o f  a  
f r o n t  t i r e  having a  g r e a t e r  range t h a n  a  r e a r  t i r e  is 
1 .02) ,  t h e  d i f f e r e n c e  is  not s i g n i f i c a n t  . The s i g n i f i c a n c e  
l eve l=O.  58 u s i n g  F l o r a ' s  RIDITS. 
The range of groove d e p t h s  is  a  r a t h e r  c rude  measure of  t h e  wear 
p a t t e r n .  A more d e s c r i p t i v e  procedure  is provided by l e a s t  s q u a r e s  f i t t i n g  
a  second o r d e r  e q u a t i o n  t o  t h e  groove d e p t h s  g i v e n  f o r  each t i r e .  T h i s  
t echn ique  p r o v i d e s  a  p r e d i c t e d  ( o r  e s t i m a t e d )  p a t t e r n  de f ined  complete ly  by 
t h e  t h r e e  c o e f f i c i e n t s  of  t h e  second o r d e r  equa t ion .  Appendix C d e s c r i b e s  
t h e  procedure  and r e s u l t s ,  and t h e  d e r i v a t i o n  of t h e  p a t t e r n  c h a r a c t e r i s t i c s  
t h a t  w i l l  be d i s c u s s e d  h e r e .  
Two p a t t e r n  c h a r a c t e r i s t i c s  w i l l  be d i s c u s s e d .  One is  t h e  concav i ty  o r  
convexi ty  of t h e  p a t t e r n .  Convex p a t t e r n s  a r e  t h o s e  t h a t  have more t r e a d  i n  
t h e  middle grooves  t h a n  on e i t h e r  s i d e ,  and a r e  c h a r a c t e r i s t i c  of c o n t i n u a l  
u n d e r i n f l a t i o n .  Concave p a t t e r n s  a r e  t h o s e  t h a t  have l e s s  t r e a d  i n  t h e  
middle t h a n  on e i t h e r  s i d e ,  c h a r a c t e r i s t i c  of c o n t i n u a l  o v e r i n f l a t i o n .  The 
amount of  c o n c a v i t y  o r  convex i ty  i s  measured by t h e  d e p t h  of  t h e  p a t t e r n ,  
i . e . ,  t h e  maximum d i s t a n c e  from a  s t r a i g h t  l i n e  j o i n i n g  t h e  o u t s i d e  groove 
dep th  and t h e  i n n e r  groove d e p t h  a s  shown i n  F i g u r e  C of  Appendix C .  
The second p a t t e r n  c h a r a c t e r i s t i c  t o  be d i s c u s s e d  i s  l a c k  o f  symmetry 
abou t  t h e  l a t e r a l  center--more wear on one s i d e  t h a n  t h e  o t h e r .  T h i s  
p a t t e r n  i s  u s u a l l y  c h a r a c t e r i s t i c  of  improper t o e ,  b u t  can  be caused by 
i n c o r r e c t  camber. 
Pattern 
The d i s t r i b u t i o n  ( d e n s i t y  f u n c t i o n )  o f  t h e  d e p t h  o f  concav i ty /convex i ty  
i s  shown i n  F i g u r e  5.  Concave p a t t e r n s  a r e  more common t h a n  convex 
p a t t e r n s .  T h i s  is s u r p r i s i n g  s i n c e  i t  is c h a r a c t e r i s t i c  of  con t inued  
o v e r i n f l a t i o n ,  whi le  one might expec t  u n d e r i n f l a t i o n  t o  be more common. The 
mode is  a t  z e r o ,  which r e p r e s e n t s  a  l i n e a r  p a t t e r n .  Note t h a t  new passenger  
c a r  tires have o u t s i d e  g rooves  about  2/32 d e e p e r  t h a n  middle grooves.  Thus, 
a  new t i r e  would be concave w i t h  a  p a t t e r n  d e p t h  o f  2/32.  T h i s  accoun t  
f o r  t h e  skewness o f  F i g u r e  5 .  
I n  t h e  d i s c u s s i o n s  o f  concav i ty /convex i ty  t o  f o l l o w ,  t h e  p a t t e r n s  have 
been t r i c h o t o m i z e d  i n t o  g roups  t h a t  a r e  concave,  convex, and l i n e a r .  The 
l i n e a r  g roup  has  been expanded t o  i n c l u d e  t h o s e  w i t h  p a t t e r n  d e p t h s  of  -1/32 
t o  +1/32 i n c h  i n c l u s i v e .  T h i s  r e p r e s e n t s  t h e  r e s o l u t i o n  of d e p t h  
measurements and i s  probably  n o t  an  o p e r a t i o n a l l y  s i g n i f i c a n t  d e p a r t u r e  from 
l i n e a r .  
P a t t e r n  d i r e c t i o n  by wheel p o s i t i o n  i s  g iven  i n  Table  37.  The r e a r  
t i r e s  have a  h i g h e r  i n c i d e n c e  o f  convex p a t t e r n s ,  w i t h  fewer  l i n e a r  and 
concave p a t t e r n s .  The d i f f e r e n c e s  a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  a t  t h e  
0.000 l e v e l .  The s i d e  t o  s i d e  d i f f e r e n c e s  a r e  small. 
Table  38 g i v e s  t h e  p a t t e r n  d i r e c t i o n  by c a r c a s s  t y p e  and t h i s  t a b l e  is 
a l s o  s i g n i f i c a n t  a t  t h e  0.000 l e v e l .  R a d i a l s  have a high ( 6 6 . 8 % )  i n c i d e n c e  
of l i n e a r  p a t t e r n s ,  whi le  B i a s  p l y  t i r e  have a  h igh  i n c i d e n c e  of convex 
p a t t e r n s .  
Table  39 g i v e s  t h e  p a t t e r n  d i r e c t i o n  by t i r e  a s p e c t  r a t i o .  Only two 
r a t i o s  are common, 0.70 and 0.78. The d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n s  o f  

Table 37 
Tread Wear Pat tern  Direction 
and Wheel Posit ion 
......................................................................... 
I 
I Number of Tires 
I 
I and Row Percent 










Left  Front I I 142 260 8 4 
I 
I 29.2 53.5 17.3 
I 
I 
Right Front I 145 26 1 8 3 
I 
I 29 07 53.4 17.0 
I 
I 
Lef t  Rear I 1 
I 
207 193 4 3 
I 46.7 43.6 
I 
9 - 7  
I 
Right Rear I I 20 1 204 3 6 
I 
I 45.6 46.3 8.2 ................................................................... 
Table 38 
Tread Wear Pat tern  Direction 
and Carcass Type 
Carcass Type 
I 
I Number of Tires 
I 








Bias Ply 1 204 9 6 29 
I 
I 62.0 29.2 8.8 
I 
I 
Belted-Bias Ply 1 284 153 8 6 
I 54.3 29 - 3  16.4 
I 
i 
Radial Ply I  198 66 1 130 
I 20 .O 66.8 13.1 ..................................................................... 
2 0.70 and 0.78 a r e  no t  s i g n i f i c a n t  a t  t h e  0.05 l e v e l  (X =4 .8 ,  d . f . = 2 ) .  The 
d i s t r i b u t i o n s  f o r  o t h e r  r a t i o s  d i f f e r ,  bu t  a r e  based on small numbers of  
c a s e s .  
Table  39 
Tread Wear P a t  t e r n  D i r e c t  i o n  
and T i r e  Aspect R a t i o  
- --- .......................................................................... 
I 
I Number of T i r e s  
I 
I and Row P e r c e n t  
;--------------------------------------------------- 
Aspect R a t i o  I I D i r e c t  i o n  
;--_----------_------------m------------------------ 
I 
I Convex L i n e a r  Concave 
P a t t e r n  d i r e c t i o n s  by model t y p e  a r e  g iven  i n  Tab le  4 C .  Passenger  c a r s  
2 
and s m a l l  t r u c k s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  (X =24,  d . f . = 1 )  w i t h  
e s s e n t i a l l y  a n  i n t e r c h a n g e  of t h e  i n c i d e n c e  of convex and l i n e a r  p a t t e r n s .  
T h i s  is no t  s u r p r i s i n g  s i n c e  t r u c k ' s  t i r e s  a r e  n c r e  l i k e l y  t o  be i n f l a t e d  
f o r  load c a p a c i t y  t h a n  f o r  comfort  o r  hand l ing  c h a r a c t e r i s t i c s .  D i f f e r e n c e s  
among the  four passenger car  models are  a l so  s ignif icant  a t  the 0.55 l eve l  
2 
w i t h  X =28 ,  d. f . = 6 .  However, the differences are not consistent  w i t h  s ize .  
For example, compacts have the highest incidence of convex while 
intermediates have the fewest. The l a rges t  and smallest cars  are  i n  
between. The highest incidence of l i nea r  patterns i s  on intermediates and 
the  lowest on compacts. While these differences are s t a t i s t i c a l l y  
s ign i f i can t ,  they may not be operationally s ignif icant .  
Table 40 
Tread Wear Pattern Direction 
and Model Type 
Number of Tires 
and Row Percent 
I--------------------------------------------------- 
Model Type I I Direction 
I (--------------------------------------------------- 
I 
I Convex Linear Concave 
-----------------------+--------------------------------------------------- 
i 
Ful l  s i z e  I I 124 208 
I 
6 3 
I 31.4 52.7 15.9 
I 
I 
Intermediate I I 
I 
1 lip 2 19 4 5 
I 30.7 57.5 11.8 
Compact 
I 
Sub-compact I  180 260 5 1 
I 
I 36.7 53.0 10.4 
I 
I 
Total of above I I 600 8 6  1 22 1 
I 
I 35.7 51.2 13.1 
I 
I 
Small trucks I I 
I 
9 2 5 6 25 
I 53.2 32.4 14.5 
The pat tern  di rect ions  were a l so  examined by i n f l a t i on  pressure. The 
t i r e s  used here were l imited t o  load range F w i t h  no suspected loss  of 
pressure during the accident. Table 41  gives the r e su l t s  of an ANOVA t e s t  
of the means. The mean pressures do not d i f f e r  s ign i f i can t ly  among the  
three patterns;  i n  f a c t ,  they a re  almost iden t ica l .  The Mann-Whitney t e s t  
of ranks a l so  indicates  no differences i n  the  pressures i n  the three  groups 
( t he  significance l eve l  of U is  0 .62) .  
Table 41 
Means Test of I n f l a t i on  Pressure 
by Wear Pat tern  Direction 
-------------------------------------------------------.------------------ 
Load Range B t i r e s  w i t h  no suspected pressure l o s s  
Pat tern  Mean Pressure Standard Deviation 
Direct ion i n  PSI of the Mean ------------------------------------------.--.---------------------------- 
Convex 
Linear 26.22 5.4 
Concave 26 .O 1 5.5 .......................................................................... 
Between Group: F s t a t i s t i c  = 0.14 Degrees of freedom = 2 Significance 
l eve l  = 0.87 
Lack of associat ion between pat tern  di rect ion and i n f l a t i on  pressure i s  
surpr is ing s ince  r e l a t i ve  i n f l a t i on  pressure is  one of the primary 
mechanisms of pat tern  generation. However, the pat tern  i s  a function of the 
his tory  of i n f l a t i on  over t he  e n t i r e  period of wear, r a the r  than pressure a t  
a  s ingle  point i n  time. I t  was a l so  noted t ha t  convex pat terns  were much 
more frequently on f ron t  t i r e s  than on r ea r  t i r e s .  T h i s  wearing on the 
outside of f ront  t i r e s  is not simple t o  explain. However, i t  is l ike ly  
caused by the  t rans ien t  l a t e r a l  (cornering) forces on f ron t  t i r e s  i n  turns ,  
pa r t i cu la r ly  i n  the  t rans ient  portion when raw r a t e s  are  changing. During 
these periods, the influence of the s teer ing and suspension geometry of 
typical  independent f ron t  suspensions can contribute to  increased wear on 
the outside of the tread and produce convex patterns.  
The second charac te r i s t i c  of wear pat tern  examined i s  asymmetry of 
wear. Asymmetric wear is simply the l o s s  of more tread from one s ide  of a 
t i r e  t h a n  from t h e  o t h e r .  The d e r i v a t i o n  of t h i s  wear c h a r a c t e r i s t i c  from 
t h e  mathemat ica l  r e p r e s e n t a t i o n  of t h e  groove d e p t h  p r o f i l e  is d i s c u s s e d  i n  
Appendix C .  B r i e f l y ,  t h e  asymmetry was c l a s s i f i e d  i n t o  groups  depending on 
whether t h e y  were worn more h e a v i l y  on t h e  o u t s i d e ,  i n s i d e ,  f l a t  (uniform 
d e p t h ) ,  o r  were symmetr ica l  bu t  not  f l a t .  T h i s  was done by c o n s i d e r i n g  t h e  
l o c a t i o n  of t h e  minimum d e p t h  o f  convex p a t t e r n s ,  t h e  maximum f o r  concave 
p a t t e r n s ,  o r  t h e  s i g n  of t h e  s l o p e  of  l i n e a r  wear. The i n c i d e n c e  of  t h e  
asymmetry c l a s s i f i c a t i o n s  f o r  a l l  t i r e s  i n  t h e  a c c i d e n t  d a t a  is p r e s e n t e d  i n  
1 
Table  42. I n  t h i s  and subsequent  t a b l e s  t h e  asymmetry w i l l  be c l a s s i f i e d  
by t h e  l o c a t i o n  of  maximum wear (minimum t r e a d  groove d e p t h ) .  T i r e s  i n  t h e  
o u t s i d e  and i n s i d e  c a t e g o r i e s  i n c l u d e  c a s e s  of  convex o r  concave p a t t e r n s  
w i t h  t h e  a x i s  of symmetry d i s p l a c e d  l a t e r a l l y  from t h e  mid-point of t h e  
t i r e ,  and t h o s e  w i t h  l i n e a r  wear w i t h  a  non-zero s l o p e .  I n  subsequent  
t a b l e s  t h e  t . i r e s  w i t h  f l a t  p a t t e r n s  w i l l  be aggrega ted  w i t h  t h e  symmetr ica l  
c a s e s  . 
Table  42 
I n c i d e n c e  of T i r e  Tread Wear Asymmetry 
- - - - -  ............................. 
Loca t ion  of 
Maximum Wear Number of T i r e s  P e r c e n t  .......................................................................... 
Outs ide  468 25.2 
Symmetrical  29 5  15.9 
I n s i d e  721 38.8 
F l a t  (uniform d e p t h )  375 20.2 .......................................................................... 
The d i s t r i b u t i o n  of t h e  l o c a t i o n  of maximum wear is g i v e n  f o r  each 
wheel p o s i t i o n  i n  Table  43. L e f t - f r o n t  t i r e s  a r e  worn on t h e  i n s i d e  more 
f r e q u e n t l y  t h a n  r i g h t - f r o n t  t i r e s ,  and more f r e q u e n t l y  t h a n  they  a r e  on t h e  
o u t s i d e .  R igh t - f ron t  t i r e s  a r e  worn on t h e  i n s i d e  and o u t s i d e  w i t h  equa l  
-- ' Table  42 and subsequent  t a b l e s  on asymmetry exclude 193 t i r e s  f o r  which 
t h e  t r e a d  dep th  d a t a  a r e  not  complete.  
f requency.  The d i f f e r e n c e  between r igh t -and  l e f t - f r o n t  t i r e s  is s i g n i f i c a n t  
2 a t  t h e  0.0005 l e v e l  (X =15.1, d . f . = 2 ) .  
Table  43 
Wear P a t t e r n  Asymmetry by Wheel P o s i t i o n  
----.----.------------------------.------------------.---------.------------ 
Number of  T i r e s  
and Column P e r c e n t  --.------.-------.---------.---------------.--------.-------------------.--- 
I 
I P o s i t i o n  
Loca t ion  of I /----------------.--------------------------------.---- 
Maximum Wear I L e f t  R igh t  L e f t  R igh t  
I  F ron t  F r o n t  Rear Rear 
I 
O u t s i d e  I I 112 159 100 
I 
9  7 
I 23 .O 32.5 22.6 22 .O 
I 
I 
Symmetrical  1 165 
I 
171 173 161 
I 34 .O 35 - 0  39 1 36.5 
I 
I n s i d e  1 209 159 170 183 
I 
I 43 .O 32.5 38.4 41.5 
F r o n t  t i r e s ,  a s  an  a g g r e g a t e ,  have a  s i g n i f i c a n t l y  d i f f e r e n t  
2 
d i s t r i b u t i o n  t h a n  r e a r  t i r e s  (X =7.6, d . f . = 2 ) ,  wi th  s i g n i f i c a n c e  a t  t h e  
0.022 l e v e l .  Rear t i r e s ,  compared t o  f r o n t  t i r e s ,  a r e  worn more on t h e  
i n s i d e  and l e s s  on t h e  o u t s i d e .  
The d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  of  t h e  two r e a r  t i r e s  is not  
2  
s t a t i s t i c a l l y  s i g n i f i c a n t  (X =0.95,  d . f . = 2 ) .  
Asymmetry by model t y p e  is g iven  i n  Table  44. D i f f e r e n c e s  i n  t h e  t a b l e  
2 
(5x3) a r e  s i g n i f i c a n t  a t  t h e  0.001 l e v e l  w i t h  X =25.4 and 8 degrees  of 
freedom. Compacts have t h e  h i g h e s t  i n c i d e n c e  of  low t r e a d  on t h e  o u t s i d e ,  
whi le  s m a l l  t r u c k s  have t h e  h i g h e s t  i n c i d e n c e  on t h e  i n s i d e .  Near ly  e q u a l  
p r o p o r t i o n s  of a l l  c a r s  have symmetr ica l  wear p a t t e r n s ,  a l though  t r u c k s  have 
s u b s t a n t i a l l y  fewer .  
The d i s t r i b u t i o n  of asymmetry f o r  dry  road s u r f a c e s  is compared t o  a l l  
o t h e r  s u r f a c e  c o n d i t i o n s  (we t ,  snow, i c e )  i n  Table 45 f o r  passenger  c a r s  
only .  The d i f f e r e n c e s  a r e  small, b u t  they a r e  s i g n i f i c a n t  a t  t h e  0.0003 
Table 44 
Wear Pattern Asymmetry by Model Type 
Number of Tires 
and Column Percent --------------.--------------------------------------------------- 
Location of 1 Model 




Outside 1 95  94 7 8 1 39 6 2 
I 24.1 24.7 18.8 28.3 35.8 
I 
symmetrical l 15 1 132 157 180 4 9 
1 38.2 34.6 37.8 36.7 28.3 
I 
I 
Inside I 149 155 180 172 6 2 
37 .7 40.7 43 .4  35 -0 35.8 .................................................................. 
2 level  w i t h  X ~ 1 5 . 9  and 2 degrees of freedom. The dis t r ibut ion for  wet 
surfaces only i s  outside, 24.6% ; symmetrical, 36.2% ; inside,  39.1%. This  
2 dis t r ibut ion is not s ignif icant ly  dif ferent  than fo r  dry surfaces (X = 1  . l ,  
d. f  . = 2 )  . Thus, the significance i n  Tabl'e 45 i s  largely because of the 
winter accidents on snow or ice.  
The associations of asymmetry w i t h  road surface coverings that  are 
s ignif icant  are small, and i t  i s  not yet possible t o  identify them as  causal 
accident factors.  
The asymmetries of wear on t i r e s  of cars i n  one-and two-vehicle 
accidents are compared i n  Table 46. The differences are  s ignif icant  a t  the 
2 0.0007 leve l  (X = l o .  1 ,  d.f . = 2 ) ,  w i t h  more t i r e s  w i t h  wear on the outside in  
single-vehicle accidents. Collision configurations among the two-vehicle 
accidents showed no s ignif icant  differences i n  t i r e  wear asymmetry. 
Table 45 




I Number of Tires 
I 
I and Column Percent 
Location of ;---------------------------------------------- 
Maximum Wear I Surf ace 
I 
1 











Symmetrical I  362 258 
I 
I 33 -8 42.4 
I 
Inside I I 452 
I 
202 
I 42.2 33 a2 ---------------------------.--------------------------------------------- 
Table 46 
Wear Pat tern  Asymmetry 




I Number of Tires 
I 
I and Column Percent 
Location of Maximum Wear 
I-------------------------------------- 
I 
I Number of Vehicles 
I 
I i n  Accident 
----------------------------------+-------------------------------------- 
I 






Symmetrical I  289 331 
I 






I 36. I 41.6 
APPENDIX A 
C o n t r o l  P o p u l a t i o n  Da ta  C o l l e c t i o n  Form 
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APPENDIX B 
I n d i v i d u a l  Case Summaries of 
Accident-Involved V e h i c l e s  w i t h  
R a d i a l  T i r e s  Mixed w i t h  Non-Radial T i r e s  
Case HS 2180 
1974 Dodge Charger  2-door sedan.  Dr ink ing  d r i v e r  f e l l  a s l e e p  on a g e n t l e  
cu rve  i n  a n  u rban  a r e a .  Spun t o  l e f t ,  s ideways  i n t o  a t r e e  a t  r i g h t  f r o n t  
door.  Speed b e f o r e  impact 45 mph. 
CDC = 03RPAW4, c r u s h  23 i n .  
One occupant ,  a l c o h o l  noted.  
Dry a s p h a l t  pavement a t  2:19 am. 
T i r e s :  R i a h t  L e f t  -
Fron t -Cons t ruc t ion  Bel ted-Eias  Bel ted-Bias  
S i z e  F78- 14 F70- 14 
Tread Depth 5/32 i n  5 /32 i n  
I n f l a t i o n  P r e s s u r e  26 p s i  24  p s i  
Rear - C o n s t r u c t i o n  R a d i a l  R a d i a l  
S i z e  HR78-14 HR78- 14 
Tread Depth 6/32 i n  5 /32 i n  
I n f l a t i o n  P r e s s u r e  25 p s i  26 p s i  
Case OK 24 15 
1974 Chevro le t  Van 20. S i n g l e  v e h i c l e  c o l l i s i o n  on US-10. Ran through a 
puddle.  Slewed r i g h t  over  5" c u r b ,  r o l l e d  t o  r i g h t ,  s l i d  on r i g h t  s i d e ,  
r o l l e d  down embankment o n t o  l e f t  s i d e ,  sk idded  on l e f t  s i d e ,  r o t a t e d  back on 
wheels.  
CDC = 00LDA03 P r i m .  c r u s h  7 i n .  
OORDAOl Sec.  c r u s h  3 i n .  
One occupan t ,  no a l c o h o l  noted.  
6 l a n e  d i v i d e d  depressed  expressway, c o n c r e t e  - no r a i n ,  b u t  pavement 
puddled. 
T i r e s :  Riaht LLU 
Front -Cons t ruc t ion  Bel ted-Bias  Bel ted-Bias  
S i z e  unknown unknown 
Tread Depth 5/32 i n  7/32 i n  
I n f l a t i o n  P r e s s u r e  28 p s i  D e f l a t e d  
i n  c r a s h  
Rear -Cons t ruc t ion  Bel ted-Bias  R a d i a l  
S i z e  L78-15 LR78-15 
Tread DEpth 10/32 i n  2/32 i n  
I n f l a t i o n  P r e s s u r e  33 p s i  26 p s i  
Case OK 2805 
1973 C a d i l l a c  Calais, Head-on c o l l i s i o n  w i t h  a 1973 Chevy pickup.  C a d i l l a c  
d r i v e r  s a i d  s h e  went o v e r  t h e  c e n t e r l i n e  because  of  i c e ,  s t r u c k  o t h e r  
v e h i c l e  head-on. O t h e r  v e h i c l e  was d r i v i n g  w i t h o u t  l i g h t s  ( a t  1 :40 a.m. on 
a December morning).  N e i t h e r  d r i v e r  d r i n k i n g .  
2 l a n e  a s p h a l t  road ,  snow covered i n  moderate  s n o w f a l l .  
Speed - c a s e  v e h i c l e  15 mph a t  impact.  
o t h e r  v e h i c l e  cou ld  n o t  be l o c a t e d .  
CDC = 12FREW1, c r u s h  9 i n .  
T i r e s  : Rinht L&t 
Fron t -Cons t ruc t ion  R a d i a l  Bel ted-Bias  
S i z e  225- 15 unknown 
Tread Depth 7/32 i n  10/32 i n  
I n f l a t i o n  P r e s s u r e  20 p s i  20 p s i  
Rear -Cons t ruc t ion  R a d i a l  R a d i a l  
S i z e  225- 15 225- 15 
Tread Depth 7/32 i n  2/32 i n  
I n f l a t i o n  P r e s s u r e  20 p s i  20 p s i  
Case HS 2272 
1972 Buick Sky la rk  2-dr ,  H.T. D r i v e r  r a n  r e d  l i g h t  a t  i n t e r s e c t i o n ,  s t r u c k  
i n  l e f t  s i d e  a t  "C" p i l l a r .  D r i v e r  & pass (unknown age ,  e t c . )  f l e d  from 
scene .  Speed b e f o r e  and a t  impact 26 mph. 
CDC = 10LZEW3, c r u s h  12 i n .  
Two occupan t s ,  a s p h a l t  pavement - s l i p p e r y ,  snow 
covered a t  4:4O p.m. 
T i r e s :  Riaht Left 
Front-Cons t r u c t i o n  R a d i a l  Rad ia l  
S i z e  GR70-14 GR70- 14 
Tread Depth 4/32 i n  3 /32 i n  
I n f l a t i o n  P r e s s u r e  unknown 22 p s i  
Rear -Cons t ruc t ion  Bel ted-Bias  Bel ted-Bias  
S i z e  H78-14 H78-14 
Tread Depth 4/32 i n  0/32 i n  
I n f l a t i o n  P r e s s u r e  D e f l a t e d  21 p s i  
i n  c r a s h  
Case OK 2680 
1973 Olds Toronado. S i n g l e  v e h i c l e  c o l l i s i o n .  D r i v e r  went through a "T" 
i n t e r s e c t i o n  i n t o  a  house.  Told  p o l i c e  b rakes  f a i l e d ,  but  p o l i c e  t r i e d  them 
and s a i d  t h e y  worked OK. D r i v e r  a l s o  s a i d  a c c e l e r a t o r  s t u c k .  I n v e s t i g a t o r  
cou ld  n o t  check because  of jammed hood. 
Speed b e f o r e  impact 2 5 ,  a t  impact  20 mph. 
CDC = 12FDEW2 p r i .  house c r u s h  18" 
12FLMS1 sec .  c h a i n  l i n k  fence  
One occupant ,  no a l c o h o l  no ted .  
Road: 2  l a n e  a s p h a l t ,  d r y ,  no p r e c i p .  
T i r e s :  &3hL L d i  
Fron t -Cons t ruc t ion  R a d i a l  R a d i a l  
S i z e  LR70- 15 LR70- 15 
Tread Depth 12/32 i n  12/32 i n  
I n f l a t i o n  P r e s s u r e  25 p s i  25 p s i  
Rear -Cons t ruc t ion  Bel ted-Bias  Bel ted-Bias  
S i z e  578-15 J78-15 
Tread Depth 4/32 i n  6 /32  i n  
I n f l a t i o n  P r e s s u r e  21 p s i  27 p s i  
APPENDIX C 
Mathematical Representation of 
Tread Wear Patterns 
The tread on each t i r e  i s  described by a simple measurement of the 
depth of each groove i n  a location not over a wear indicator .  T h i s  gives 
subs tan t ia l  data on each t i r e ,  su f f i c i en t  t o  describe wear patterns.  
However, the f a c t  t ha t  each t i r e  i s  described by up to  ten  variables makes 
analys is  cumbersome. The technique t ha t  was used t o  represent the wear 
pat tern  of each t i r e  f o r  ana ly t i ca l  purposes is  described below. 
The wear pat tern  given by a depth measurement i n  each groove can be 
conceptualized i n  the  framework of a car tes ian  coordinate system i n  which 
the  groove number is the abscissa and the  depth ( i n  32nds of an inch) i s  the 
ordinate. 
These points  can be represented--i.e., the pat tern  they describe can be 
characterized--by a curve (envelope) passing through them. The curve used 
i n  t h i s  study i s  the second order equation: 
* 
where: Y = the  estimated depth of groove X i n  32's 
of an inch 
X = the  groove number ( 1 I X I N )  
a a a = constants unique t o  each t i r e  
0 '  i ' 2 
Groove 1 i s  the outside groove of the mounted t i r e  and N is the number 
of grooves on the tread ( t he  sidewall ngroovesfl of r ad i a l  t i r e s  were not 
included i n  the data  co l l ec t ion) .  
The constants a 
0 '  a l '  and a were determined by a l e a s t  squares f i t  f o r  2 
each t i r e  i n  the accident sample. The number of grooves on t i r e s  i n  the 
data s e t  ranges from 2 ( 136 t i r e s )  t o  9 ( 2  t i r e s ) .  The t i r e s  w i t h  2 grooves 
a r e  snow t i r e s  and 80% of them were on rea r  wheels. For the sake of 
s impl ic i ty  only t i r e s  w i t h  3 t o  8 grooves were f i t  w i t h  the quadratic. Thus 
1859 of the 2052 t i r e s  in  the accident data f i l e  were " f i t , "  w i t h  missing 
data f o r  each coeff ic ient  f o r  193 t i r e s .  
An example i s  shown i n  Figure C 1 .  The c i rc led  points are  the depth of 
each groove--eight i n  t h i s  example--as measured i n  the f i e l d .  Values of the 
constants f o r  the l e a s t  squares f i t  are:  
The curve  of p r e d i c t e d  v a l u e s  g i v e n  by t h e s e  c o n s t a n t s  i s  t h e  s o l i d  l i n e  of 
t h e  f i g u r e .  O t h e r  f e a t u r e s  o f  t h e  f i g u r e  w i l l  be exp la ined  l a t e r .  For  t h i s  
t i r e  t h e  f i t  is  e x c e l l e n t .  
I n  g e n e r a l  t h e  second o r d e r  f u n c t i o n  was s u c c e s s f u l  i n  r e p r e s e n t i n g  t h e  
p r o f i l e  ( o r  p a t t e r n )  o f  worn t i r e s .  The root-mean-square e r r o r  ( r e s i d u a l s )  
f o r  a l l  grooves  o f  a l l  1859 t i r e s  was 0.0183 i n c h e s .  F i g u r e  C2 g i v e s  t h e  
cumula t ive  d i s t r i b u t i o n  of  t h e  maximum e r r o r  f o r  each t i r e .  Thus 50% o f  t h e  
t i r e s  have maximum e r r o r s  i n  t h e  p r e d i c t e d  p a t t e r n  of  0.17/32 o r  l e s s ,  
1 
whi le  90% have maximum e r r o r s  o f  0.69/32 o r  l e s s .  F i g u r e s  C3 and C4 g i v e  
h i s tograms  o f  t h e  computed v a l u e s  of a  and a r e s p e c t i v e l y ,  whi le  F i g u r e  C 5  0 1 
g i v e s  t h e  d i s t r i b u t i o n  of a2.  
I t  may be noted t h a t  a l  can have l a r g e  a b s o l u t e  v a l u e s .  These shou ld  
no t  be i n t e r p r e t e d  as h igh  s l o p e s .  The c o n s t a n t  a c a n  be i n t e r p r e t e d  a s  a  1  
s l o p e  on ly  when a  =O, i n  which c a s e  t h e  wear p a t t e r n  is  l i n e a r .  If a2#0 ,  2  
t h e  p r e d i c t e d  p a t t e r n  is p a r a b o l i c ,  and much of a l  r e s u l t s  from t r a n s l a t i o n  
of  t h e  a x i s  of  t h e  p a r a b o l a  away from t h e  o r i g i n ,  u s u a l l y  t o  a  l o c a t i o n  
between t h e  o u t s i d e  groove (X= 1 ) and t h e  i n s i d e  groove (X=N) . 
The p a r a b o l i c  r e p r e s e n t a t i o n  of t r e a d  wear p a t t e r n s  is conven ien t  
because  on ly  t h r e e  pa ramete r s  a r e  r e q u i r e d - - r a t h e r  t h a n  a  v a r i a b l e  number 
r a n g i n g  up t o  eight--and because  c e r t a i n  key f e a t u r e s  o f  t h e  p a t t e r n s  can be 
r e a d i l y  determined.  Two p a r t i c u l a r  f e a t u r e s  a r e  addressed  i n  t h i s  s tudy .  
One is  t h e  c o n c a v i t y  o r  convex i ty  o f  t h e  p a t t e r n ,  t h e  o t h e r  is  unsymmetrical  
wear. 
The example shown i n  F i g u r e  C 1  has  h i g h e r  t r e a d  i n  t h e  c e n t e r .  As a  
r e s u l t ,  t h e  p a r a b o l a  f i t t i n g  t h e  p a t t e r n  opens downward. Such a  p a t t e r n  
w i l l  be denoted a s  convex, and e x e m p l i f i e s  t h e  c l a s s i c a l  p a t t e r n  frcm under-  
' T h i s  s t r a n g e  n o t a t i o n  i s  used because  t h e  b a s i c  u n i t  of  measurement was 
1/32 o f  a n  i n c h ,  and a l l  computat ions  a r e  i n  terms o f  t h i s  b a s i c  u n i t .  
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i n f l a t i o n .  Convex p a t t e r n s  r e s u l t  i n  n e g a t i v e  v a l u e s  o f  a 2 ,  whi le  p o s i t i v e  
v a l u e s  i n d i c a t e  concave p a t t e r n s .  A measure of t h e  concav i ty /convex i ty  is  
t h e  d e p t h  o f  " d i s h i n g n  shown by C i n  F i g u r e  C1, where C is t h e  maximum 
d i s t a n c e  from a  s t r a i g h t  l i n e  through t h e  p r e d i c t e d  d e p t h s  o f  t h e  o u t e r  two 
grooves  and t h e  p a r a b o l a  between t h e  o u t e r  grooves .  The s i g n  of C is  
a r b i t r a r i l y  chosen t o  be p o s i t i v e  when t h e  p a t t e r n  is convex. 
and i s  3.39 i n  t h e  example shown. The l o c a t i o n  of C (groove number) is  
which is  t h e  c e n t e r  o f  t h e  t r e a d .  
I n  t h e  a n a l y s i s  r e p o r t e d  i n  S e c t i o n  3.4.3,  t h e  p a t t e r n s  were t r e a t e d  a s  
a  t r i c h o t o m y ,  t h o s e  t h a t  a r e  concave,  convex, o r  l i n e a r .  The l i n e a r  group 
was expanded t o  i n c l u d e  c a s e s  i n  which 
s i n c e  t h e  measurements o f  d e p t h  have a  r e s o l u t i o n  of  1 /32 ,  and such small 
d e v i a t i o n s  from l i n e a r i t y  a r e  probably  i r r e l e v a n t .  
The o t h e r  p a t t e r n  c h a r a c t e r i s t i c  examined i s  its l a t e r a l  symmetry. If 
a  = 0 ,  i n d i c a t i n g  a  p a r a b o l a ,  t h e  wear is s y a m e t r i c a l  i f  t h e  v e r t i c a l  a x i s  of  
2 
t h e  p a r a b o l a  is l o c a t e d  i n  t h e  c e n t e r  of  t h e  t r e a d .  If t h e  a x i s  i s  o f f -  
c e n t e r ,  t h e  wear i s  g r e a t e r  on one s ide - - the  c l a s s i c a l  wear p a t t e r n  of  
improper  t o e  o r  camber. The a x i s  o f  t h e  p a r a b o l a  is l o c a t e d  a t  t h e  p o i n t  of  
maximum o r  minimum t r e a d  d e p t h  g i v e n  a s  a  groove number by 
GMIM = -a /2a2 
1 
a  = 0 ,  2  
o r  a s  t h e  p r o p o r t i o n  of t h e  d i s t a n c e  from groove 1 t o  t h e  i n n e r  groove,  N 
by 
L o c a t i o n o f  G M/M = - ( a 1 / 2 a + 1 ) / ( N - 1 )  2 a  = O  2 
The l o c a t i o n  of  t h e  maximum o r  minimum--greater o r  l e s s  than  0.5--in 
combinat ion w i t h  t h e  s i g n  of a  i n d i c a t i n g  whether  a  maximum o r  minimum--can 
2 
be used t o  de te rmine  whether  t h e  i n s i d e  o r  o u t s i d e  has  lower  t read.  
If a = 0 ,  t h e  p a t t e r n  is  l i n e a r ,  I n  t h i s  c a s e  t h e  s i g n  of t h e  s l o p e  
2 
( a l )  i n d i c a t e s  t h e  s i d e  w i t h  t h e  g r e a t e r  wear. I f  a = O  and t h e  l o c a t i o n  of 
2 
t h e  maximum o r  minimum i s  a t  0 . 5 ,  t h e  p a t t e r n  i s  symmetr ica l .  I f  both  a l=O 
and a = 0 ,  the pattern i s  uniform ( f l a t )  and hence also symmetrical. 2 


